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EXECUTIVE SUMMARY 
 
The Red River Floodway Inlet Control Structure (ICS), situated in the Red River a short distance 
downstream from the inlet to the Floodway Channel, is an integral component of the Red River 
Floodway. The structure consists of two concrete abutments and a central pier with two large 
submersible gates, each 34.3 m (112.5 ft) wide. The gates are normally in the submerged 
position, however in flood conditions the gates are operated to restrict the flow into the Red 
River through Winnipeg.  
 
Although the ICS is normally not considered a blockage to fish passage, during those periods 
when either the water velocity through the structure is too high or when the gates of the 
structure are raised, fish passage is affected. Since the construction of the Floodway and 
associated flood protection infrastructure, the ICS gates have been raised in the spring for an 
average period of 22 days approximately every two of three years and recently in three of the 
past six summers.  
 
Since the higher water velocities through the structure and the gate operation in the spring both 
coincide with the migration and spawning season for many fish species, the ICS can become an 
obstacle to fish movement at this critical time of the year. Provision for upstream fish passage at 
the ICS could eliminate this blockage and help provide access to fish habitat in the Red River 
upstream of the ICS, as far upstream as the headwaters of the river and its tributaries.  
 
The scope of this study was to provide the Manitoba Floodway Authority with: 
 
• an assessment of the fish habitat and life history characteristics in the Red River, 
• develop fish passage criteria,  
• assess the existing hydraulic conditions at the ICS,  
• identify various fish passage concepts that would enhance fish passage at the ICS over a 

range of operating conditions,  
• conceptual designs of preferred fish passage alternatives, and 
• the rationale for the selection of the preferred alternatives. 
 
History of Operation 
 
Construction of the Red River Floodway began in 1962 and was completed in 1968. The ICS 
was used for the first time to divert flows into the Floodway the very next spring and since, has 
been operated in 24 of 38 years (2 out of every three years) to protect the City of Winnipeg 
against spring flooding. The average duration of each spring operation is 22 days with the 
minimum duration being 5 days and the longest duration being 53 days. The majority of the 
spring operations occur from early to mid-April through to mid-May. 
 
During the summer of 2002 the Provincial government approved a one-time deviation from the 
Floodway operating rules to reduce the risk of basement flooding in Winnipeg. Emergency 
operation of the Red River Floodway was authorized on June 28, 2002 when the Red River 
levels in Winnipeg were predicted to exceed el. 14 ft JAPSD until July 9, 2002 and to be above 
el. 12 ft JAPSD until July 14, 2002. Since the summer operation in 2002, the Floodway has 
been operated in the summer in 2004 and 2005 to protect Winnipeg against basement flooding 
associated with high river levels and forecasted heavy rains.  
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Fish Habitat in the Red River 
 
The Red River flows through glaciolacustrine deposits that aggraded within glacial Lake 
Agassiz.  It has a fairly uniform, continuous descent northward, averaging less than 0.09 m/km 
and, consequently, water velocities are generally low.  It is a typical “old age” or lowland zone 
stream, consisting of oxbows and meanders. 
 
The American portion of the Red River contains substrate of either sand and silt or compact clay 
for most of its length.  Riffle areas with a rock or gravel bottom are only present in the fast-
moving water where the Otter and Bios de Sioux rivers meet.  Within Manitoba, the Red River 
follows a typical low slope meandering path of inside and outside bends. Outside bends are 
typically deeper, and in areas dominated by till plain characterized by clay interspersed with 
cobbles and boulders. Inside bends are comprised of finer depositional substrates, typically of 
sand and heavy silt layers. At a few locations south of Winnipeg (near Ste. Agathe), large till-
based rock outcrops form swift riffle-type habitat.   
 
In the vicinity of Winnipeg, the St. Andrews Lock and Dam backs up the Red River to St. 
Adolphe and the Assiniboine River to just downstream of the Kenaston Street Bridge. Riprap is 
a common shoreline substrate, as are high slumping clay banks. The main channel habitats are 
more natural, comprised of clay interspersed with gravels and cobbles.  
 
From the north end of the City of Winnipeg downstream to Selkirk, substrates are composed 
primarily of limestone, boulders and cobble. The largest drop in the river profile occurs at Lister 
Rapids, where the river flows over a resistant outcrop of carbonate bedrock that controls the 
river upstream.  
 
Over the last century, construction of dams and channelization has reduced the value of much 
of the Red River tributary habitat.  Mainstem habitat has also become fragmented by the 
construction of dams.  In recent years, there has been an effort in many areas to eliminate these 
dams and barriers to fish movement throughout the watershed. 
 
Red River Fish Community 
 
There are reported to be 62 native and non-native fish species in the Red River in Manitoba, the 
most abundant of these being channel catfish, sauger, goldeye, white sucker, freshwater drum.  
Six of the 62 species (carp, goldfish, rainbow smelt, white bass, smallmouth and largemouth 
bass) are not native to the Red River.  These species were introduced in other locations within 
the drainage basin and have now become established within the watershed.  
 
Lake sturgeon were historically abundant in the Red River, but were essentially extirpated by 
the early 1900s.  There is a concerted effort to reintroduce lake sturgeon to the Red River in the 
United States where the species has been stocked on an annual basis since 1997. Manitoba 
Fisheries Branch also have stocked numerous lake sturgeon fry and fingerlings into the 
Assiniboine River since 1996.  
 
The majority of fish species in the Red River spawn during spring, when discharges are high 
and water temperatures are rising, however some species spawn during late spring and into 
early summer, and others during the fall. A number of species are known to use habitat in the 
Red River mainstem for spawning, although specific spawning locations within the mainstem 
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are generally unknown.  Tributaries are known to provide important spawning habitat for many 
Red River fish.  
 
The lower Red River supports the most important sport fishery in Manitoba.  Freshwater drum, 
sauger, goldeye, channel catfish, walleye and northern pike are the predominant species in 
fishery.  The channel catfish population in the Red River is recognized as one of the best 
channel catfish fisheries in North America.  
 
For the purposes of assessing important timing windows and design criteria for providing fish 
passage at the ICS, eight key species (channel catfish, walleye, sauger, northern pike, lake 
sturgeon, white sucker, goldeye and freshwater drum) have been identified based on their 
economic, ecological and heritage values.   
 
Fish Movements 
 
Red River fish populations are highly mobile during open-water periods.   Fish that have been 
tagged in the Red River within the City of Winnipeg during the spring, summer and fall in have 
been captured as far south as Halstad, Minnesota (approximate distance of 412 km), and as far 
north as Dogwood Point on Lake Winnipeg (approximate distance of 246 km).  
 
Fish Swimming Performance 
 
Fish swimming performance has been classified into three categories: burst speed (highest 
speed attainable and maintained for less than 20 seconds); prolonged speed (a moderate 
speed that can be maintained for up to 200 minutes); and sustained speed (a speed maintained 
indefinitely. In natural waterways, fish mainly use sustained and prolonged speeds when 
migrating upstream and occasionally use burst speeds to overcome high velocity areas such as 
rapids. Sustained swimming is primarily fuelled by aerobic metabolism; whereas burst 
swimming is primarily fuelled by anaerobic processes.  Prolonged swimming utilizes both 
aerobic and anaerobic energy sources. 
 
Swimming performance data can be used to develop models to predict water velocities that will 
allow fish to pass through fishways and culverts. These models include the size-based model 
(swimming distance curves), the critical velocity model, and the assessment of water velocities 
in a number of Canadian fishway case studies. 
 
Information Gap Analysis 
 
Existing information on life history characteristics, fish movements, and swimming performance 
for each of the key Red River fish species was reviewed to identify and evaluate any relevant 
data gaps relevant to determining the rationale for providing and designing a fish passage 
facility at the ICS was carried out. Although there is an abundance of information available, it 
was found that there was limited information related to the following: 
 
• The importance of upstream movements of a number of fish species. 
• The relative importance of mainstem habitats upstream of the ICS to fish inhabiting areas 

downstream of the ICS. 
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• The specific swimming capabilities and behaviour of certain fish within the size ranges in the 
Red River and the water temperatures during potential upstream spawning migrations. 

 
Fish Passage Criteria 
 
Existing fish movement information for key Red River fish species was assessed to select 
potential periods of time when the ICS may act as a barrier to upstream movement. It has been 
assumed that the structure does not hinder downstream movements. For most species, the 
timing windows for fish passage correspond to upstream movements related to spawning. 
Channel catfish and freshwater drum have also been shown to move up the Red River during 
summer, although the timing and importance of these movements is uncertain. 
 
Existing data on swimming capabilities were reviewed to develop and recommend the maximum 
allowable water velocity criteria. These values were obtained using three methods: the size-
based model generated; the critical velocity model; and assessment of the water velocities in 
representative case studies for Canadian fishways. 
 
These criteria can be used to provide and overview assessment for both the level to which the 
existing ICS is a barrier to fish passage and to carry out the hydraulic design of a fishway. The 
analyses and conceptual designs presented in this report have been based on the velocity 
criterion defined by the swimming distance curves. However, it should be noted that the velocity 
criteria associated with the swimming distance curves represents only a specific velocity over 
the range of velocity criteria. In practice, the velocity at which a structure would act as a barrier 
to fish passage is uncertain and depends on many factors. These factors would include the size 
of the fish, the willingness of the fish to swim to its maximum ability, water temperature, the 
characteristics of the structure the fish are navigating through, etc.   
 
Hydraulic Conditions at the Inlet Control Structure  
 
An assessment of the hydraulic conditions at the ICS was carried out for both active ICS 
operation (i.e. when the gates are operated) and inactive ICS operation (i.e. when both gates 
are in the lowered position). The results of this assessment provides an understanding of the 
flows, velocities, headwater levels, and tailwater levels that occur at the ICS throughout the 
year. 
 
During periods of active operation the ICS is considered to be a barrier to fish movement, since 
the velocities over the raised gates, the velocities through the structure, and the water level 
differential over the gates are too high for any of the target fish species to navigate. 
 
During periods of inactive operation (i.e. the gates are fully lowered), the average velocities 
through the ICS range from 0.3 m/s to 3.2 m/s.  A lower velocity “corridor” along the floor of the 
ICS at the abutment exists where the velocities are estimated to be approximately half the 
magnitude of the average velocity through the structure. There are also a number of locations 
along the length of the ICS that act as resting spots for migrating fish. During periods of inactive 
operation the ICS would likely act as a barrier to fish for up to 50% of the time during the 
spawning seasons for the different target fish species. 
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Fish Passage Concepts 
 
A number of alternatives were identified to improve fish passage at the ICS for both active and 
inactive operations, as well, the “do nothing” option was also considered. The alternatives 
identified include: 
 
Inactive Operation 
 
• Roughness Features on ICS Floor/Wall  
• Removable Baffle Box Fishway 
• Modified Gate Operation 
• Riffles in the Red River 

 
Active Operation 
 
• Fishway Attached to the Gate 
• Trap and Transport 
• Fish Lift 
• Multi-Level Conduit Fishway 
• Structural Fishway through the East Dyke 
• Pool and Riffle Fishway to an Elevated Pool 
• Structural Fishway over the ICS Gate 
• Fishway at the Floodway Outlet Structure 
 
Four of these fish passage alternatives were identified as preferred alternatives that merited 
further, more detailed assessment and were presented at a conceptual design level. 
 
• “Do Nothing” Option – This concept was selected since the level to which the ICS is a 

barrier to fish passage during inactive and active operations is uncertain.  
 
• Modified Gate Operation – This concept was selected since there will be a percentage of 

time in which fish passage at the ICS could be improved by modifying the operation mode of 
the existing infrastructure at the ICS (i.e. the gates). This concept has very little up front 
financial commitment required and would not affect the integrity of the flood control 
infrastructure. 

 
• Structures in the Inlet Control Structure with a Removable Fishway Component – This 

concept is a combination of the construction of roughness features on the concrete floor and 
wall of the ICS with a removable structure above the ICS gates. This concept was selected 
since it would provide a relatively low cost method to improve fish passage during inactive 
operation. It was also selected, since it would have the least impact to the integrity of the 
existing ICS and associated flood control infrastructure  

 
• Pool and Riffle Fishway to an Elevated Pool – Two configurations of the pool and riffle 

fishway concept were selected (1) a fishway that passes through the east dyke with a 
culvert structure, and (2) a fishway that passes through the existing opening in the ICS with 
a structural trough. This concept was identified as a preferred alternative since the pool and 
riffle fishway is the most natural type of fishway considered and it allows for minor 
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adjustments to the system to obtain the optimum flow conditions for fish passage. These 
types of pool and riffle fishways have also proven to be very successful in Manitoba in the 
past.  

 
Conclusions 
 
• The ICS is considered to be a barrier to fish passage during periods of active operation (i.e. 

when the gates are raised), which occurs approximately two of every three years for an 
average duration of 22 days. 

 
• During periods of inactive operation (i.e. the gates are fully lowered), the average velocities 

through the ICS range from 0.3 m/s to 3.2 m/s.  A lower velocity “corridor” along the floor of 
the ICS at the abutment exists where the velocities are estimated to be half the magnitude 
of the average velocity through the structure. There are also a number of locations along the 
length of the ICS that act as resting spots for migrating fish. 

 
• During periods of inactive operation the ICS would likely act as a barrier to fish passage for 

up to 50% of the time during the spawning season. 
 
• The ICS is considered to act as a barrier to fish passage during active and inactive 

operations for the following percent of time during the spawning seasons of each target fish 
species. 

 
• Channel Catfish 10% of the time 
• Freshwater Drum 46% of the time 
• Goldeye  55% of the time 
• Lake Sturgeon  14% of the time 
• Northern Pike  62% of the time 
• Sauger   44% of the time 
• Walleye  50% of the time 
• White Sucker  47% of the time 

 
• The estimated capital cost to implement the structures in the ICS with a Removable Fishway 

component is $340,000, with an estimated annual operating and maintenance cost of 
$20,000. 

 
• The estimated capital cost to implement Option 1 of the pool and riffle fishway is 

$3,730,000, with an estimated annual operating and maintenance cost of $40,000. 
 
• The estimated capital cost to implement Option 2 of the pool and riffle fishway is 

$4,060,000, with an estimated annual operating and maintenance cost of $40,000.  
 
Recommendations 
 
Based on the results of the study, the following recommendations are presented. 
 
• Additional fisheries studies be carried out to assess the effect of when the ICS acts as a 

barrier (degree, duration, frequency). Although it has been determined that the ICS is a 
barrier to fish passage during active operation, the significance of the effect on the fish 
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population in the Red River, both upstream and downstream of the ICS, that this operation 
has is unknown.  

 
• Three-dimensional numerical modeling in combination with more velocity measurements 

should be completed for a full range of flow conditions. This additional assessment will allow 
for a more thorough understanding of the frequency at which the ICS would be a barrier to 
fish during inactive operation.  
 

• Additional fisheries studies should be carried out to assess the level of the effect on the fish 
population in the Red River, both upstream and downstream of the ICS, that results when 
the ICS acts as a barrier during inactive operation.  

 
• The preferred alternatives should be pursued to the next level of study if it is determined that 

a means of fish passage is required for either active and/or inactive operations. This next 
level of study should include an assessment of the benefits of the project of the costs to the 
project. 

  
• Three-dimensional modeling should be carried out to determine the velocity distribution 

through the ICS associated with modified gate operation for a full range of flow conditions. 
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1.0 INTRODUCTION 
 

The Red River Floodway Inlet Control Structure (ICS) is an integral component of the Red River 

Floodway. The Red River Floodway flood protection infrastructure consists of four components, 

namely the Floodway Channel, the Inlet Control Structure, the dykes, and the Outlet Structure. 

Construction of the Red River Floodway was started in 1962 and completed in 1968.  

 

The ICS is situated in the Red River a short distance downstream from the inlet to the Floodway 

Channel. The structure consists of two concrete abutments and a central pier with two large 

submersible gates, each 34.3 m (112.5 ft) wide. The gates are normally in the submerged 

position, however in flood conditions the gates are operated to restrict the flow into the Red 

River through Winnipeg.  

 

Although the ICS is normally not a blockage to fish passage, during those periods when either 

the water velocity through the structure is too high or when the gates of the structure are raised, 

fish passage is affected. Since the construction of the Floodway and associated flood protection 

infrastructure, the ICS gates have been raised in the spring for an average period of 22 days 

approximately every two of three years and recently in three of the past six summers.  

 

Since the higher water velocities through the structure and the gate operation in the spring both 

coincide with the migration and spawning season for many fish species, the ICS can become an 

obstacle to fish movement at this critical time of the year. Provision for upstream fish passage at 

the ICS could eliminate this blockage and help provide access to fish habitat in the Red River 

upstream of the ICS, as far upstream as the headwaters of the river and its tributaries.  

 

The scope of this study was to provide the Manitoba Floodway Authority with: 
 
• an assessment of the fish habitat and life history characteristics in the Red River, 
• develop fish passage criteria,  
• assess the existing hydraulic conditions at the ICS,  
• identify various fish passage concepts that would enhance fish passage at the ICS over 

a range of operating conditions,  
• conceptual designs of preferred fish passage alternatives, and 
• the rationale for the selection of the preferred alternatives. 
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Two elevation datums have been used in the study and in this report that have been commonly 

adopted by previous planners/designers.  They are: 

 

• Canadian Geodetic Vertical Datum, 1928 (1929 adjustment), with Horizontal North 
American Datum (NAD), 1983, referenced to June 1990. 

 
• James Avenue Pump Station Datum (JAPSD) (gauge zero, el. 0.0 ft, or El. 727.57 ft 

Canadian Geodetic Vertical Datum).  A common reference system that is used by the 
City of Winnipeg is based on the JAPSD, but represents water levels at other locations 
in Winnipeg that would be associated with the stated water level at James Avenue.  This 
essentially represents a line parallel to the slope of the river that passes through the 
stated water level at James Avenue. 

 
 
Unless elevations are specifically stated as JAPSD, they refer to Canadian Geodetic Vertical 

Datum (CGVD).   

 

The Metric System of measure has been used throughout this report with the exception of 

stating elevations in the JAPSD. 
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2.0 BACKGROUND  
 

2.1 RED RIVER WATERSHED 
 

The Red River drainage basin encompasses an area of approximately 287 500 km2 

(101 500 km2 of which is in the United States of America), including much of northern 

Minnesota, northern North Dakota, southeastern Saskatchewan and southern Manitoba 

(Rosenberg et al. 2005). The mainstem of the Red River originates at the confluence of the Bois 

de Sioux and Otter Tail rivers near the North Dakota/South Dakota border, and flows north for 

880 km before draining into the south end of Lake Winnipeg via the Netley-Libau Marsh. A 

number of urban centres are scattered along its course, including Fergus Falls and Moorhead 

(Minnesota), Fargo and Grand Forks (North Dakota), and Winnipeg and Selkirk (Manitoba). 

 

Primary tributaries to the Red River include: the Red Lake, Otter Tail and Wild Rice rivers 

flowing in a westerly direction from Minnesota; the Sheyenne and Pembina rivers flowing in an 

easterly direction from North Dakota; the Rat and Roseau rivers flowing in a westerly direction; 

and the Assiniboine River flowing in an easterly direction in Manitoba. There are numerous 

other smaller tributaries converging with the Red River along its entire length. Approximately 

44% of the Red River drainage basin lies upstream of Winnipeg. The Assiniboine River, which 

converges with the Red River in downtown Winnipeg, accounts for more than half of the total 

drainage area in the watershed (162 000 km2) (Rosenberg et al. 2005). At Lockport, 

approximately 45% of the flow originates from Manitoba, 46% from the United States and 9% 

from Saskatchewan (Gurney 1991).    

 

Discharge from the Red River varies considerably from year to year and season to season. 

Typically, flows on the Red River are the highest during spring and lowest in winter.  The mean 

annual flow of the Red River (including the Assiniboine River) is approximately 200 m3/s.  

Historical weekly median flows at Lockport have ranged from 880 m3/s in April to 53 m3/s in 

February. River flows generally decline rapidly through May, June, and July. By August, the 

historical median river flows are approximately one-tenth those observed in April. From the 

beginning of August to the end of March, historical weekly median flows on the Red River 

ranged between 53 m3/s and 108 m3/s. 
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Within the United States, flows and water levels in the Red River mainstem are controlled by 

eight low head dams (US Army Corps of Engineers 2003) at the following locations: 

  
Location Distance from Red 

River Mouth 
Wahpeton, North Dakota-Breckenridge, Minnesota 874 km 
Christine Dam, near Wolverton, North Dakota  795 km 
Hickson Dam, Fargo-Moorhead, North Dakota 772 km 
South Dam, Fargo-Moorhead (32nd Avenue), North Dakota 733 km 
Midtown Dam, Fargo-Moorhead (4th Street), North Dakota 724 km 
North Dam, Fargo-Moorhead (12th/15th Avenue), North Dakota 718 km 
Grand Forks, North Dakota-East Grand Forks, Minnesota 430 km 
Drayton, North Dakota 331 km 

 
 
Within Manitoba, flows and water levels are controlled by the St. Andrews Lock and Dam at 

Lockport (approximately 44 km upstream from the mouth) and during flood events by the ICS on 

the south side of Winnipeg (approximately 108 km upstream from the mouth).  

 

The St. Andrews Lock and Dam operates to maintain water levels within and downstream of the 

City of Winnipeg, for recreation during ice-free periods. The normal summer control level for the 

Red River is El. 223.7 m at James Avenue Pumping Station.  Beginning in mid-October, water 

levels within the city are drawn down at a rate of no more than 15 cm per day, until natural river 

levels are reached (usually by the beginning of November). This draw down generally results in 

winter water levels being approximately 2 m lower than summer water levels. 

 

2.2 RED RIVER FLOODWAY INLET CONTROL STRUCTURE 
 

As noted in Section 1.0, the ICS is situated in the Red River a short distance downstream from 

the inlet to the Floodway Channel as shown on Drawing No. 1. The structure consists of two 

concrete abutments and a central pier with two large submersible gates as shown in Drawings 

No. 2 and No. 3. 

 

The gates of the ICS are normally in the submerged position, with about 2.5 m of water over 

them in the summer months. The crest of the Floodway Channel inlet is elevation 228.6 m, 

which permits flow to enter the Floodway when the Red River discharge exceeds approximately 

800 m3/s.  As the natural stage increases above 800 m3/s there is a division in flow between the 
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Floodway and the River.  The purpose of the ICS is to counteract this drawdown and to regulate 

the division in flow between the Floodway and the River.  The gates in the ICS are normally 

operated so as to maintain a water surface elevation upstream of the structure at the level that 

would have occurred under natural conditions. 

 

2.3 RULES OF OPERATION FOR SPRING FLOOD EVENTS 
 

The current Floodway Operation Rules (as recommended by the Red River Floodway Operation 

Review Committee (RRFORC, 1999) are as follows (paraphrased and condensed from 

RRFORC, 1999): 

 

Rule 1: The Floodway should be operated so as to maintain “natural” water levels on the 

Red River at the entrance to the Floodway Channel. This rule would be followed 

until either the water surface elevation at the James Avenue gauge reaches el. 

24.5 ft JAPSD (El. 229.23 m) or the river level anywhere along the Red River 

within the City of Winnipeg reaches 0.6 m (2 ft) below the Flood Protection Level 

of el. 27.8 ft JAPSD (El. 230.24 m). 

 

Rule 2: Once the river levels within Winnipeg reach the limits described in Rule 1, the 

water level in Winnipeg should be held constant while river levels south of the 

Floodway Inlet Control Structure continue to rise.  Furthermore, if forecasts 

indicate that river levels south of Winnipeg will rise more than 0.6 m (2 ft) above 

natural, emergency raising of the dykes and temporary protection measures on 

the sewer systems must proceed in accordance with the flood level forecasts 

within Winnipeg. The water levels in Winnipeg should be permitted to rise as 

construction proceeds, but not so as to encroach on the freeboard of the dykes 

or compromise the emergency measures undertaken for protecting the sewer 

systems.  At the same time, the Province should consider the possibility of an 

emergency increase in the height of the Floodway embankments and the West 

Dyke.  At no time will the water level at the Floodway Channel entrance be 

allowed to rise to a level that infringes on the allowable freeboard on the 

Floodway West Embankment and the West Dyke. 
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Rule 3: For extreme floods, where the water level at the Floodway Channel entrance 

reaches the maximum level that can be safely retained by the Floodway West 

Embankment and the West Dyke, the river level must not be permitted to exceed 

that safe level.  All additional flows must be passed through Winnipeg. 

 

The operating rules for the expanded Floodway were developed in accordance with the intent of 

the existing Floodway Operation Rules and incorporate improvements in the flood protection 

system for Winnipeg that would be required to safely make use of the rules.  Principally, the 

operating rules for the expanded Floodway consider the following: 

 

• The ICS is designed to control upstream water levels over a range up to a maximum of 
El. 237.13 m, while only releasing water into the Red River in Winnipeg that would 
amount to a total flow up to approximately 2 270 m3/s below the Forks.  Further raising of 
water levels would require major modifications to the ICS.   

 
• The Operation Rules permit raising the water level upstream of the Floodway entrance 

above the “state-of-nature” condition under emergency conditions.  This would have 
detrimental effects upstream that must be considered and addressed through 
compensation of the residents involved. 

 
 
The operating rules for both the existing and expanded Floodway are shown diagrammatically in 

Figure 2.1, with El. 237.13 m shown as the maximum allowed water level at the Floodway 

Entrance.  
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Figure 2.1 – Stage – Discharge Relationship for Red River at Floodway (KGS-Acres-UMA 
2004) 

 
 
2.4 HISTORY OF OPERATION 
 

Construction of the Red River Floodway began in 1962 and was completed in 1968. The ICS 

was used for the first time to divert flows into the Floodway the very next spring and since, has 

been operated in 24 of 38 years (2 out of every three years) to protect the City of Winnipeg 

against spring flooding. The average duration of each spring operation is 22 days with the 

minimum duration being 5 days and the longest duration being 53 days. Table 2.1 provides a 

complete summary of the historic spring flood operations while Figure 2.2 shows the relative 

timings of the historic operations. As is evident from Figure 2.2, the majority of the spring 

operations occur from early to mid-April through to mid-May. 
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During the summer of 2002 the Provincial government approved a one-time deviation from the 

Floodway operating rules in order to reduce the risk of basement flooding in Winnipeg. 

Emergency operation of the Red River Floodway was authorized on June 28, 2002 when the 

Red River levels in Winnipeg were predicted to exceed el. 14 ft JAPSD until July 9, 2002 and to 

be above el. 12 ft JAPSD until July 14, 2002.  This decision was based on the risk of basement 

flooding due to possible heavy rain over the City.  

 

Since the summer operation in 2002, the Floodway has been operated in the summer in 2004 

and 2005 to protect Winnipeg against basement flooding associated with high river levels and 

forecasted heavy rains. A summary of these summer operations is provided in Table 2.1. 

Subsequent to the 2004 summer operation, but prior to the 2005 summer operation, the 

Provincial Government adopted a new Floodway Operation Rule, termed Rule 4, that outlines 

emergency operation of the Floodway to reduce sewer flooding in Winnipeg.  Key 

considerations of Rule 4 include the following: 

 

• The rule applies after the spring crest from snowmelt runoff at Winnipeg, whenever high 
river levels substantially impair the capacity of the City of Winnipeg’s combined sewer 
system. That is, when the river level in Winnipeg is at 14 ft JAPSD or higher. 

 
• Prior to the operation, the Province will outline the forecasted river levels and durations 

and the risk of intense rain storms as well as the benefits and costs of the emergency 
operation. The operation will only be carried out if the benefits outweigh the costs. 
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Table 2.1 – Historic Operations of the Floodway Inlet Control Structure 

1969 April 14 May 18 35 - - -
1970 April 17 May 21 35 - - -
1971 April 11 April 21 11 - - -
1972 April 14 April 21 8 - - -
1973 - - - - - -

April 17 May 17 31
May 21 May 30 10

1975 April 30 May 19 20 - - -
1976 April 7 April 18 12 - - -
1977 - - - - - -
1978 April 9 May 3 25 - - -
1979 April 19 May 29 41 - - -
1980 - - - - - -
1981 - - - - - -
1982 April 15 April 21 7 - - -
1983 April 9 April 13 5 - - -
1984 - - - - - -
1985 - - - - - -

April 1 April 14 14
May 6 May 11 6

1987 April 5 April 18 14 - - -
1988 - - - - - -
1989 April 21 May 1 11 - - -
1990 - - - - - -
1991 - - - - - -
1992 April 7 April 12 6 - - -
1993 - - - - - -
1994 - - - - - -
1995 March 22 April 25 35 - - -
1996 April 18 June 8 52 - - -
1997 April 19 June 2 45 - - -
1998 March 30 April 6 8 - - -
1999 April 3 May 1 29 - - -
2000 - - - - - -
2001 April 5 May 20 46 - - -

June 13 June 25 13
July 5 July 11 7
July 17 July 26 10

2003 - - - - - -
2004 March 31 April 21 22 June 10 June 30 21

June 9 July 24 46
July 31 August 3 5

2006 April 5 May 7 33 - - -
Number of Years of Spring Operation 24
Average duration of Spring Operation 22 days
Number of Years of Summer Operation 3
Average duration of Summer Operation 17 days

2002 - - -

Start of 
Operation

Year
Spring Operation Summer Operation 

End of 
Operation

No. of Days 
of Operation

1986

No. of Days 
of Operation

Start of 
Operation

End of 
Operation

1974 - - -

- - -

Data is based on recorded flows from the Water Survey of Canada Gauge 05OC017 except for the 2006 data which is 
based on the Province of Manitoba's Daily Flood Forecast Reports

2005 April 2 April 22 21
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Figure 2.2 – Timing of Historic Floodway Operations 
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2.5 DAM SAFETY ISSUES 
 

The ICS and adjacent dykes form a major part of the flood protection infrastructure for the City 

of Winnipeg and that when they are in use they act as a dam that holds back water upstream of 

the City of Winnipeg. Therefore the dam safety of the structure is a major concern and any 

modifications to this structure would have to ensure that the integrity of the flood protection 

infrastructure is not threatened.  

 

A dam safety review was carried out on the Floodway infrastructure as part of the Floodway 

Expansion Preliminary Design (KGS-Acres-UMA 2004). The Floodway was categorized as a 

“Very High Hazard” facility based on the substantial property damage predicted should a dam 

break of the structure occur. The results of the dam safety review showed that the design and 

condition of the ICS and related water retaining structures is generally in compliance with the 

Canadian Dam Association Dam Safety Guidelines.  

 

2.6 PREVIOUS FISH PASSAGE STUDIES AT THE INLET CONTROL STRUCTURE  
 

During the Project Definition and Environmental Assessment stage of the Floodway Expansion 

Project a cursory assessment of fish passage at the ICS was carried out (TetrES 2004). This 

assessment was undertaken to predict the abilities of fish to swim upstream against various flow 

conditions that may occur with the gates up or down. The study included an assessment of the 

range of velocities that would be expected through the ICS, analysis of various flow conditions 

using a three-dimensional numerical model, and an underwater acoustic imaging program using 

a DIDSON (dual frequency identification sonar) camera.  

 

The results of this study showed that during active operations of the ICS gates fish passage 

upstream was impeded, as well, during inactive operation of the ICS (i.e. when the gates are in 

the fully lowered position) fish passage was impeded at times. It was shown that during inactive 

operations, that any fish migrating through the ICS were utilizing a “corridor” along the bottom 

edge of each abutment. Both the velocity measurements and three-dimensional numerical 

modelling showed that the velocities of the flow along these “corridors” was significantly less 

than the average velocities through the structure for the same flow conditions. 
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3.0 FISH HABITAT AND LIFE HISTORY CHARACTERISTICS 
 

3.1 FISH HABITAT 
   

The Red River flows through glaciolacustrine deposits that aggraded within glacial Lake 

Agassiz.  It has a fairly uniform, continuous descent northward, averaging less than 0.09 m/km 

and, consequently, water velocities are generally low.  It is a typical “old age” or lowland zone 

stream, consisting of oxbows and meanders. 

 

The American portion of the Red River contains substrate of either sand and silt or compact clay 

for most of its length.  Riffle areas with a rock or gravel bottom are only present in the fast-

moving water where the Otter and Bios de Sioux rivers meet.   Within Manitoba, the Red River 

follows a typical low slope meandering path of inside and outside bends.  Outside bends are 

typically deeper, and in areas dominated by till plain characterized by clay interspersed with 

cobbles and boulders. Inside bends are comprised of finer depositional substrates, typically of 

sand and heavy silt layers. At a few locations south of Winnipeg (near Ste. Agathe), large till-

based rock outcrops form swift riffle-type habitat.   

 

In the vicinity of Winnipeg, the St. Andrews Lock and Dam backs up the Red River to St. 

Adolphe and the Assiniboine River to just downstream of the Kenaston Street Bridge. Riprap is 

a common shoreline substrate, as are high slumping clay banks.  The main channel habitats are 

more natural, comprised of clay interspersed with gravels and cobbles.  Certain channel areas, 

such as near the Alexander Docks, are armoured with till plain-derived boulders and cobble. 

Cross-sectional profiles generally show little difference in channel shape from the one side of 

the river to the other.  There are few depositional bars and little evidence of lateral scouring.  

Scour pools primarily occur in the middle of the channel, often downstream of bridges. 

 

From the north end of the City of Winnipeg downstream to Selkirk, substrates are composed 

primarily of limestone, boulders and cobble. The largest drop in the river profile occurs at Lister 

Rapids, where the river flows over a resistant outcrop of carbonate bedrock that controls the 

river upstream. The decrease in bed elevation across Lister Rapids is about 7 m over 15 km, 

equal to 0.47 m/km or more than five times the average.  Below St. Andrews Lock and Dam the 
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first several kilometres are comprised of harder substrates grading into sandier substrates 

closer to the delta about 6 km upstream of Lake Winnipeg.   

 

Historically, fish habitat along the Red River was more varied than described above, but the 

construction of dams along its length has created rather homogeneous substrate conditions and 

flow rates (Toews and Davies 2000).  The large amount of agriculture that takes place along the 

shores of the river has lead to removal of riparian vegetation and resulting bank erosion.  Runoff 

from the cultivated fields can introduce nutrients such as nitrogen and phosphorus, and 

pesticides to the river. Municipal waste effluent from urban areas is often discharged into the 

river as well, creating localized zones of the river in which the fecal coliform count and the 

biological oxygen demand are very high (Stoner et al. 1993).   

 

Tributary confluences are important habitats and have local effects on fish abundance.  The 

tributaries also provide additional habitat diversity and are particularly important as spawning 

and nursery areas.  Upstream regions of the Sheyenne, Red Lake and Otter Tail rivers in the 

United States provide a large amount of riffle habitat with quickly flowing water, and then 

become more slow-moving, with clay or sand bottoms, as they approach the Red River (Stoner 

et al. 1993).  Similar habitat diversity is found in the Rat and Roseau rivers in Manitoba.  The 

Assiniboine River contains a wide variety of fish habitat due to the wide range of flow conditions 

that exist along its length.  These conditions exist despite the construction of several flood 

control measures including dykes and a dam and diversion channel at Portage la Prairie.  

Approximately 70% of the substrates in the lower Assiniboine River between Headingley and 

the Forks were classified as “hard”. (Remnant et al. 2000). 

 

Over the last century, construction of dams and channelization has reduced the value of much 

of the Red River tributary habitat.  Mainstem habitat has also become fragmented by the 

construction of dams.  In recent years, there has been an effort in many areas to eliminate these 

dams and barriers to fish movement throughout the watershed.  In the United States, several 

low head dams on tributaries have been removed and modifications have been made to five of 

the eight dams on the Red River mainstem (North Dakota State Government 2006).  Dam 

modification has involved replacing fixed crest weirs that have no provision for fish passage with 

a gently sloping bed of rocks that allows fish to move upstream.    
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The South and Hickson Dams near Fargo and the Christine Dam near Wolverton are the three 

remaining barriers to fish movement in the mainstrem of the Red River in the United States 

(North Dakota State Government 2006). In Manitoba, fish movement is periodically blocked by 

the ICS and by the St. Andrews Lock and Dam.  A fish ladder in the St. Andrews Lock and Dam 

provides fish passage under some conditions, but is thought to be largely infective.   

 
3.2 RED RIVER FISH COMMUNITY  
 

Stewart and Watkinson (2004) reported 62 native and non-native fish species from the Red 

River in Manitoba (Appendix A). Six species listed in Appendix A (carp, goldfish, rainbow smelt, 

white bass, smallmouth and largemouth bass) are not native to the Red River.  These species 

were introduced in other locations within the drainage basin and have now become established 

within the watershed. Six salmonid species, including rainbow and brown trout, have been 

intermittently released into the Red River but have not become established and are not 

considered to be part of the existing population.  Koel and Peterka (1998) reported 77 native 

and seven introduced fish species that occur in the Red River in the United States, some of 

which have not been recorded in Manitoba.  In a recent study, Remnant et al. (2000) captured 

31 of the species listed in Appendix A in the Red River within the City of Winnipeg.  The most 

abundant species included: channel catfish, sauger, goldeye, white sucker, freshwater drum, 

emerald shiner, and river shiner.  

 

Lake sturgeon were historically abundant in the Red River, but were essentially extirpated by 

the early 1900s.  There is a concerted effort to reintroduce lake sturgeon to the Red River in the 

United States where the species has been stocked on an annual basis since 1997.  Stocking 

objectives are 34,000 fingerlings and 600,000 fry annually for the next 20 years (Minnesota 

Department of Natural Resources et al. 2003).   Manitoba Fisheries Branch also have stocked 

over 8000 lake sturgeon fry and fingerlings into the Assiniboine River since 1996 (Manitoba 

Conservation Fisheries Branch, Annual Stocking Records).  While remnant large sturgeon are 

occasionally captured in the lower reach of the Red River, juvenile sturgeon are now commonly 

encountered in more upstream locations and up the Assiniboine River to Brandon. Lake 

sturgeon have recently (November 2006) been listed as “Endangered” by the Committee on the 

Status of Wildlife in Canada (COSEWIC) and are expected to be recommended for listing under 
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the Species at Risk Act (SARA) in 2007 (COSEWIC 2006).  The “Endangered” designation 

refers to “a wildlife species facing imminent extirpation or extinction” (Species at Risk Act 2002).   

 

The bigmouth buffalo, silver chub, and chestnut lamprey have been designated as “Special 

Concern” by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC  

August 2006).  The “Special Concern” designation refers to “a wildlife species that may become 

a threatened or an endangered species because of a combination of biological characteristics 

and identified threats” (Species at Risk Act 2002).  None of the fish species in the Red River are 

listed under the Manitoba Endangered Species Act. 

 

The majority of fish species in the Red River spawn during spring, when discharges are high 

and water temperatures are rising.  A few species such as channel catfish, freshwater drum, 

carp and goldeye and a number of cyprinid species, spawn during late spring and into early 

summer.   Lake whitefish and cisco spawn during fall but are typically found in the lower reach 

of the river or in the Assiniboine River.  Burbot spawn under the ice during late winter.  A 

number of species are known to use habitat in the Red River mainstem for spawning, although 

specific spawning locations within the mainstem are generally unknown.  Tributaries are known 

to provide important spawning habitat for many Red River fish.  

 

The lower Red River supports the most important sport fishery in Manitoba.  Freshwater drum, 

sauger, goldeye, channel catfish, walleye and northern pike are the predominant species in 

fishery.  The channel catfish population in the Red River is recognized as one of the best 

channel catfish fisheries in North America.  Although the Red River channel catfish and walleye 

have been extensively studied (Clarke et al 1980, Tyson J.D. 1996, Macdonald 1990, 

Kristofferson 1994), very little is known about the life history characteristics of other species 

popular with anglers such as goldeye and freshwater drum.   

 

For the purposes of assessing important timing windows and design criteria for providing fish 

passage at the ICS, eight key species have been identified based on their economic, ecological 

and heritage values.  The general life history and habitat preferences for these key species 

(channel catfish, walleye, sauger, northern pike, lake sturgeon, white sucker, goldeye and 

freshwater drum) are presented below: 
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Channel Catfish 

 

Channel catfish are typically found in the mainstem of the Red and Assiniboine Rivers and 

offshore in Lake Winnipeg, and rarely in small tributaries (Stewart and Watkinson 2004, Koel 

and Peterka 1997). Channel catfish comprised approximately 26% of the large-bodied fish catch 

from the Red and Assiniboine rivers as reported by Remnant et al. (2000).   

 

Habitat use by channel catfish in the lower Red River below Lockport is fairly well understood 

(Macdonald 1990).  Adults move to spawning areas in early to mid June, and spawning takes 

place from late June to early July (Stewart and Watkinson 2004).  Spawning occurs at water 

temperatures of approximately 21oC or higher.  Channel catfish have been observed to spawn 

in stretches of river with gravel to rubble substrates and higher than average velocities (Stewart 

and Watkinson 2004).  Spawning generally occurs in secluded, semi-dark nests in holes, 

undercut banks, log jams or rocks (Scott and Crossman 1973).  Channel catfish are known to 

spawn in the tributaries and channels of the Netley-Libau Marsh, Netley Creek (Macdonald 

1990), Cooks Creek (Tyson 1996), and in the Red River mainstem south of Ste. Agathe and at 

Aubigny (Robert 1990-1991, as cited in Stewart and Watkinson 2004).  Although spawning is 

not confirmed, channel catfish have been reported moving into small tributaries and even 

drainage ditches in the Rat and Roseau River watersheds during the spring and early summer 

(Robert 1990-1991, as cited in Stewart and Watkinson 2004).   

 

Walleye 

 

Walleye inhabit lakes and rivers and are typically found in deep, less turbid water (Stewart and 

Watkinson 2004).  They are primarily found in the mainstem and large tributary habitats within 

the Red River watershed, but are also found in smaller tributaries, particularly as juveniles (Koel 

and Peterka 1997).  Walleye comprised approximately 2.1% of the large-bodied fish catch by 

Remnant et al. (2000) from the Red and Assiniboine Rivers. 

 

Walleye begin spawning in lakes or streams shortly after ice cover breaks.  Spawning can occur 

from late April to late May at water temperatures between 6 and 10oC.  Spawning takes place 

over rocky substrate and eggs are left to develop without parental care (Stewart and Watkinson 

2004).  Male walleyes in spawning condition have been collected from the Red River below St. 
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Andrews Lock and Dam and at the mouth of Cooks Creek (Stewart and Watkinson 2004). At 

least some walleye migrate to tributaries for spawning, as ripe males have been taken from 

Cooks Creek and the lower reaches of the Rat River (Stewart and Watkinson 2004). Ripe male 

walleyes have also been taken from the lower reaches of the Roseau River, a tributary of the 

Red River near the US/Canada border (Stewart and Watkinson 2004). Remnant (1999) 

captured larval walleye in Vita drain, a tributary to the Roseau River. 

 
Sauger 
 

Sauger inhabit lakes and rivers throughout Manitoba.  They are primarily found in the mainstem 

and large tributary habitats within the Red River watershed (Koel 1997).  Sauger comprised 

approximately 23% of the large-bodied fish catch from the Red and Assiniboine Rivers by 

Remnant et al. (2000). 

 

Clarke et al. (1980) observed the greatest abundance of sauger in the Red River in late May, 

corresponding with the onset of the spawning season.  Sauger spawn in late May to early June 

in fast-flowing water, scattering eggs over rocky substrate (Stewart and Watkinson 2004).  

Sauger spawn from late May to early June (Stewart and Watkinson 2004).  Exact spawning 

locations in the Red River are unknown.  Large numbers of ripe sauger captured in the spring, 

and young-of-the-year fish captured by Clarke et. al. (1980) in the fall, suggest that sauger 

spawn in the Red River mainstem. 

 
Northern Pike 

 
Northern pike inhabit lakes and river systems, and are mainly piscivorous.  They are found 

throughout the Red River watershed, inhabiting headwater streams and the mainstem (Koel and 

Peterka 1997).  Northern pike comprised approximately 1.4% of the large-bodied fish catch by 

Remnant et al. (2000) from the Red and Assiniboine Rivers. 

 

The preferred habitat of pike is usually warm, clear, slow, meandering, vegetated rivers or 

warm, weedy bays of lakes (Scott and Crossman 1973).  Northern pike are generally one of the 

first species to spawn in spring.  Spawning activity generally begins just after ice-out when water 

temperature approaches 6oC.  Depending on the years, spawning can extend from early April to 
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early May.   Northern pike move upstream to flooded shallow water areas where adhesive eggs 

are scattered over the vegetation (Stewart and Watkinson 2004).  Northern pike are known to 

spawn in tributaries of the Red River, but exact spawning locations are unknown.  Larval pike 

have been caught in the Roseau River, a tributary of the Red River near the 

Manitoba/Minnesota border (Remnant 1999).   

 
Lake Sturgeon 

 

Historically abundant in the Red River, lake sturgeon had virtually disappeared from the river 

and Lake Winnipeg by the mid-1900s.  Over exploitation and habitat alterations were the 

primary reasons for the decline.  Recent stocking efforts in Canada and United States have 

begun to re-establish a lake sturgeon population in the Red River.  In recent years, juvenile fish 

have shown up in recreational and commercial catches from the lower Red and Assiniboine 

River systems and from Lake Winnipeg.  However, the species still comprises a very small 

portion of the Red River fish population near Winnipeg (0% of the catch by Remnant et al. 2000, 

and 0.3% of the catch by Graveline and MacDonell 2005).   

 

Lake sturgeon inhabit large lakes and river systems, feeding mainly on aquatic insects, crayfish 

and benthic invertebrates (Stewart and Watkinson 2004).  Individual lake sturgeon can live to 

over 100 years of age and attain lengths in excess of 2 m and weights of up to 140 kg (Scott 

and Crossman 1973).   Sexual maturity is not reached until 18-20 years of age and spawning 

periodicity can be as long as five years for females. 

 

In Manitoba, lake sturgeon spawn from early May to mid June at water temperatures of 11-

17oC.  Lake sturgeon are believed to return to their birthplace to spawn and fidelity to such 

areas is thought to be high (Auer 1996).  However, some lake sturgeon will use different 

spawning locations during successive spawning seasons (Lyons and Kempinger 1992).  Lake 

sturgeon generally move upstream to spawn, seeking out areas of fast water over hard 

substrate, such as boulders or bedrock, often at the base of impassable falls (Stewart and 

Watkinson 2004, Scott and Crossman 1973).  At present, potential spawning locations for Red 

River sturgeon are located in east shore tributaries to Lake Winnipeg, a few locations within the 

mainstem of the Assiniboine and Red River (e.g., near Headingley and Ste. Agathe), and in the 
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lower reaches of some of the larger tributaries.  Several potential spawning locations also exist 

where dams have recently been modified within the Red River mainstem and in tributaries 

within the United States. 

 

Barriers to fish passage are thought to be the most significant obstacle to the restoration of lake 

sturgeon populations (Breining 2003).  It has been suggested that sturgeon populations may 

require at least 250 km of habitat to complete their life cycle (Auer 1996).  However, sturgeon 

populations are known to be sustainable (for at least 100 years) in much smaller areas if all life 

history requirements can be fulfilled, (for example in the Winnipeg River between the Pointe du 

Bois Generating Station and the Slave Falls Generating Station, a distance of approximately 

8 km). 

 
White Sucker 

 
White sucker inhabit streams, rivers and lakes, feeding on benthic invertebrates.  They occur 

throughout the Red River watershed and are found in headwater and mainstem habitats (Koel 

and Peterka 1997). White sucker comprised approximately 11% of the large-bodied fish catch 

by Remnant et al. (2000) from the Red and Assiniboine Rivers.  Small white sucker were 

primarily captured in tributaries.  Only 1% of the large-bodied fish catch from below the ICS 

during June and July 2005 was white sucker (Graveline and MacDonell 2005).    

 

White sucker typically spawn over gravel and boulders in streams but also may spawn in lakes 

(Stewart and Watkinson 2004).  White sucker begin moving upstream in mid to late April and 

spawning occurs from May to mid June (Stewart and Watkinson 2004) when water 

temperatures reach about 10oC (Scott and Crossman 1973).  White suckers are known to 

spawn in tributaries of the Red and Assiniboine Rivers (Remnant 1999, Toews and Davies 

2000).  

 
Goldeye 

 
Goldeye inhabit medium to large lakes and river systems, feeding mostly on aquatic insects and 

small fish.   Goldeye comprised approximately 11% of the large-bodied fish catch from the Red 
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and Assiniboine Rivers by Remnant et al. (2000).   This species is found almost exclusively 

within main channel of the Red River and in the lowest portions of the tributaries (Koel and 

Peterka 1997).  It is not found in headwater streams or smaller tributaries.    

 

Goldeye overwinter in deeper areas of the Red River (Remnant et al. 2000, TetrES Consultants 

Inc. 1992), and move toward shallow firm-bottomed spawning sites as the ice breaks up in 

spring (Scott and Crossman 1973).  Spawning typically takes place in May at water 

temperatures of 10-13oC.  Spawning occurs in mid water of turbid turbulent rivers and probably 

at night, and for this reason has never been seen (Scott and Crossman 1973).  The eggs are 

semi buoyant (Stewart and Watkinson 2004).  Goldeye use the Netley-Libau Marsh as a nursery 

and feeding area (Janusz and O’Connor 1985).  While it has been speculated that spawning 

occurs in the marsh it has not been documented.  Exact spawning locations in the Red River 

are unknown.   

 
Freshwater Drum 

 
Freshwater drum are found from Guatemala to Hudson Bay and have the most extensive 

latitudinal distribution of all freshwater fish in North America.  It inhabits lakes and river systems 

and is a broadly adapted benthic invertebrate and fish predator (Stewart and Watkinson 2004).  

Within the Red River system, it is primarily found in mainstem and large tributary habitats (Koel 

and Peterka 1997).  Freshwater drum comprised approximately 6% of the large-bodied fish 

catch from the Red and Assiniboine Rivers by Remnant et al. (2000). 

 

Freshwater drum begin to migrate upstream in late May (Clarke et al. 1980) and spawning is 

thought to occur from mid June to early July at temperatures of 20-23oC.  Sexually mature fish 

have been found in Red River from mid to late June (Stewart and Watkinson 2004).   Male 

freshwater drum make a croaking sound (with their swim bladder) which presumably attracts 

females.  Spawning is thought to occur at night in midwater, but has never been observed.  

Croaking males have been heard and caught in the Red River in water 3-4 m deep with current, 

over substrates ranging from silt and clay to rubble (Stewart and Watkinson 2004).  Exact 

spawning locations in the Red River are unknown.  
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3.3 FISH MOVEMENTS  
 

Red River fish populations are highly mobile during open-water periods.  Clarke et al. (1980) 

tagged fish in Red River within the City of Winnipeg during the spring, summer and fall in 1974 

and received tag returns from as far south as Halstad, Minnesota (approximate distance of 

412 km), and as far north as Dogwood Point on Lake Winnipeg (approximate distance of 

246 km). Barth and Lawrence (2000) documented movements of 49 fish tagged with acoustic 

transmitters within the City of Winnipeg during summer and winter of 1999. During the summer, 

fish moved throughout the Red and Assiniboine Rivers, both within and upstream and 

downstream of the City of Winnipeg. Fish movements of up to 55 km in two days were recorded 

in the Red River.  Channel catfish in the upper Red River have been known to travel 400 km 

within 14 days (Mike Larson MNDNR as cited in Goldstein 1995). 

 

Fifty-seven percent of the fish tagged in the City of Winnipeg by Barth and Lawrence (2000), 

moved out of the City prior to the onset of winter (39% went down the Red River, 14% went up 

the Red River, and 4% went up the Assiniboine River).  The fish that stayed within the city were 

located in deeper reaches and remained stationary for most of the winter.   Remnant et al. 

(2000) found that gillnet catch-per-unit-effort (CPUE) decreased during winter compared to 

summer and fall.  The decrease in CPUE was attributed to the combined effect of emigration of 

fish from the city, and to a reduction in the mobility of fish in the river during winter. 

 

A summary of known information of movements in the Red River for the key fish species 

identified for this study is provided below. 

 
Channel Catfish 
 

Clarke et al. (1980) noted that channel catfish had the most extensive movement pattern of all 

fish species in the Red River. Red River channel catfish tagged between St. Norbert and West 

St. Paul moved extensively, with recaptures from as far as West Dogwood Point in Lake 

Winnipeg, 246 km to the north, and Halstad, Minnesota, 412 km to the south (Clarke et al. 

1980).  One catfish travelled at least 350 km in 13 days.   Macdonald (1990) noted that the 

movements of Red River catfish are limited only by the northern limit of their range and by 

physical obstructions.  Ten percent of channel catfish tagged with Floy® tags in the lower Red 
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River by Macdonald in 1987 and 1988 were later recaptured south of the US border, all in the 

spring of the year following tagging.  Channel catfish tagged in the lower Red River by 

Macdonald (1990) were not known to migrate upstream of Lockport. Data collected as part of an 

ongoing Manitoba Floodway Authority (MFA) fish movement study using acoustic telemetry 

show few consistencies in movements between individual fish.  Tyson (1996) found that channel 

catfish reduced their tendency to move during flood events and during the winter.  During floods, 

catfish did not travel great distances in the Red River, and confined their movements to 

localized areas of low water energy, such as the Red River delta. Tyson (1996) suggested that 

channel catfish behaviour follows a temperature dependent model.  He found that channel 

catfish generally moved downstream in early spring, upstream in spring and summer, 

downstream in fall, and remained dormant in winter. 

 

It has been suggested that there are two elementary populations of channel catfish in the Red 

River (Lebedev 1969 as cited in Clarke et al 1980, Clarke et al 1980), each with different 

movement patterns.  One population was thought to be comprised of larger individuals, while 

the other was thought to be distinguished by smaller individuals.  Macdonald (1990) suggested 

that large catfish prefer the lower Red River and exclude intermediate sized catfish which may 

disperse upstream. He concluded that catfish recruited into the lower Red River fishery grow up 

in other parts of the watershed.   
 

Hesse et al. (1982, as cited in Macdonald 1990) noted that movements of channel catfish in the 

Missouri River were density dependent in response to needs for food or spawning habitat.  Most 

movements were spontaneous and there was no pattern to explain subpopulations with special 

migratory instincts. Macdonald (1990) cited several authors that found catfish movements to be 

random, with the exception of movements into tributaries. 

 

In late spring, the lower Red River catfish population moves into the tributaries to spawn 

(Macdonald 1990, Willis 1994, Clarke et al. 1980). The direction of individual fish movement 

(either upstream or downstream) may depend on where they have overwintered.  Clarke et al. 

(1980) postulated that from May to early July, channel catfish that overwintered south of 

Winnipeg moved downstream, whereas those overwintering in Lake Winnipeg moved upstream.  

Based on DIDSON camera results, TetrES (2004) concluded that channel catfish were moving 

upstream through the ICS during April and May 2004, although the magnitude of the 
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movements was not determined.  Springtime data over a two-year period from an ongoing MFA 

acoustic tagging study show channel catfish movements to be highly variable.  Most catfish 

tagged with acoustic transmitters remained in the vicinity of where they were tagged below the 

ICS, including two that were detected in the La Salle River.  Three tagged catfish displayed 

significant downstream movements from the main study area (from St. Adolphe to 2 km 

downstream of the ICS).  Two catfish were detected by a receiver in the Assiniboine River 

upstream from the Forks while another was detected by a receiver near Netley Creek (End of 

Main Park).  Upstream movements were detected for two fish, both moving from the area 

around the ICS to St. Adolphe.  Two other catfish were found to remain in the St. Adolphe area 

near the Seine River Diversion.  

 

Channel catfish are actively spawning from late June to early July (Stewart and Watkinson, 

2004).  Catfish tagged with acoustic transmitters during the MFA study generally remained 

within the area where they were originally tagged (from St. Adolphe to 2 km downstream of the 

ICS) during this time.  However, four tagged catfish moved downstream as far as the 

Assiniboine River during their expected spawning period.  

 

Clarke et al. (1980) speculated that a population of large channel catfish may move downstream 

after spawning to spend the summer in the lower reaches of the Red River or Lake Winnipeg.  

Smaller catfish may return to Lake Winnipeg in summer (Clarke et al. 1980).  

 

Upstream movements of channel catfish can be impeded by summer operation of the ICS 

(Graveline and MacDonell 2005). Ken Stewart (2004, in TetrES 2004) noted a high density of 

channel catfish below the ICS during Floodway operation in July 2004.  He noted that some of 

the males were emaciated and appeared to be in spawning condition, although he was not able 

to express any milt from captured fish. In contrast, Graveline and MacDonell (2005) did not note 

any change in condition of channel catfish captured below the ICS during summer 2005 and did 

not encounter any catfish in spawning condition from mid June through July. 

  

Channel catfish are thought to undergo extensive fall movements, presumably moving to 

overwintering areas.  Clarke et al. (1980) speculated that a population of channel catfish (with 

larger individuals) moves upstream during fall to overwinter in the Red River as far south as 

Halstad, Minnesota.  They also speculated that a second population of smaller catfish might 
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move downstream during summer and fall to overwinter in Lake Winnipeg. Barth and Lawrence 

(2000) captured large numbers of small catfish that appeared to be moving upstream in early 

October, in direct contradiction to Clarke et al’s (1980) hypothesis.  Data collected as part of the 

ongoing MFA acoustic tagging study show that catfish actively move during fall, but much of the 

movement is relatively local.  The most common movements noted were from the area below 

the ICS upstream to St. Adolphe.  A number of catfish were found to move back and forth 

several times between St. Adolphe and the Forks before finally returning upstream to St. 

Adolphe during late fall.  Downstream movements out of the study area, probably into Lake 

Winnipeg (based on detections at End of Main Park), were found for two channel catfish. 

 

It is not known what proportion of the channel catfish population makes a fall migration.  Some 

channel catfish overwinter within Winnipeg, and do not make extensive fall movements (Barth 

and Lawrence 2000). Of the channel catfish tagged with acoustic transmitters in the City of 

Winnipeg by Barth and Lawrence (2000), 45% moved downstream to overwinter, 20% moved 

upstream to overwinter, 25% overwintered within the Winnipeg city limits, and 10% were 

presumed to have left the study area undetected. These data support Clarke et al.’s (1980) 

hypothesis that some channel catfish migrate upstream to overwinter while others migrate 

downstream. Barth and Lawrence (2000) observed very little movement by catfish overwintering 

within Winnipeg.  Channel catfish dormancy during winter is well documented in the literature 

(Crawshaw 1984, Lubinsky 1984, Newcomb 1989 as cited in Tyson 1996).  

 

Walleye 

 

Walleye tagged in the lower Red River have been recaptured in all areas of Lake Winnipeg.  

Walleye tagged in the lower Red River have also been recaptured as far south the Roseau 

River near the US/Canada border (Kristofferson 1994). The ongoing MFA acoustic tagging 

study detected one walleye (tagged and released 3 km upstream of the ICS) moving from St. 

Adolphe upstream to Emerson (near to the US/Canada border) from September 28th to October 

19th, 2005.  Another walleye tagged downstream of the ICS in September 2005 and was 

captured in the Roseau River in June 2006.  Walleye in the Red River have been observed, with 

aerial tracking, to move considerable distances in very short periods of time (Kristofferson 

1994); however summer wanderings are usually limited to 5 to 8 km (Scott and Crossman 

1973).  Walleye tagged by Barth and Lawrence (2000) from the Assiniboine and Red Rivers 



Conceptual Engineering Study for Fish Passage  FINAL REPORT 
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 25

near Winnipeg generally moved only short distances throughout the period of study (August 

1999 to February 2000).  Kristofferson (1994) speculated that there may be two discrete walleye 

stocks inhabiting the lower Red River; a highly mobile lake based stock and a river resident 

stock.  Kristofferson (1994) Floy®-tagged 1,786 walleye in the lower Red River between Lake 

Winnipeg and Lockport over a four year period and only one was recaptured south of Lockport.  

Clarke et al. (1980) tagged 65 walleye in the City of Winnipeg of which eight were subsequently 

recaptured: four south of Winnipeg and four within or just north of Winnipeg.  None of walleye 

tagged by Clarke et al. (1980) were captured north of St Andrews Lock and Dam. 
 

Kristofferson (1994) found evidence of a spring walleye migration in the lower Red River. 

Walleye were observed entering the mouth of the Red River from Lake Winnipeg while there 

was still ice cover on the lake. Spring spawning movements were also observed by Clarke et al. 

(1980) who speculated that walleye probably moved upstream to spawn by mid-May, after 

which they dispersed in both upstream and downstream directions.  Based on DIDSON camera 

results, TetrES (2004) concluded that over 5000 fish per day were migrating upstream past the 

ICS on April 30th and May 1st, 2004.  However, it was not determined if walleye were present.  

Data collected as part of the ongoing MFA acoustic tagging study show that most of the walleye 

implanted with acoustic transmitters in the vicinity of the ICS remained in this area during spring, 

moving back and forth between two stationary receivers placed upstream and downstream of 

the confluence Red River and the La Salle River.  Several of the walleye were detected in the 

La Salle River near La Barriere Park (8 km upstream from the mouth of the La Salle River) 

during spring 2006.  Walleye tagged near the Seine River Diversion outlet tended to remain in 

that general area during spring.  

 

Clarke et al. (1980) speculated that walleye in the Red River moved back downstream after 

spawning and then moved back upstream in late August and September.  Preliminary results 

from the MFA acoustic tagging study show that most tagged walleye remained within the vicinity 

of the ICS during summer months.  Two walleye moved upstream from the ICS area to St. 

Adolphe and one walleye remained in the St. Adolphe area for the duration of the study.  

Walleye catches in the vicinity of the ICS increased and decreased marginally in relation to 

summer operation of the gates in 2005 (Graveline and MacDonell 2005).  
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There are several accounts of fall movements of walleye in the lower Red River (Clarke et al. 

1980, Lysack 1986, Kristofferson 1994).  Kristofferson (1994) noted that angler catches of 

walleye peaked in the fall, and suggested that this was indicative of a fall migration of walleye 

between Lake Winnipeg and the lower Red River.  Kristofferson (1994) speculated that walleye 

begin entering the lower Red River as early as August and may move back and forth between 

the Red River and Lake Winnipeg during the months of September and October. Kristofferson 

(1994) did not observe radio-tagged walleye returning to the lower Red River during fall 1992 

and suggested that the upstream migration during fall may not be an annual event.  Lysack 

(1986) hypothesized that the fall upstream movement of walleye may be induced by the thermal 

gradient created by warm river water entering cool lake water.  Fall movements from the ICS 

upstream to St. Adolphe were frequent among walleye implanted with acoustic transmitters 

during the MFA acoustic tagging study.  These movements were often followed by downstream 

movement back to the area below the ICS; however, one walleye continued migrating upstream 

at least as far as Emerson.  

 

Some walleye are known to overwinter in the lower Red and Assiniboine Rivers.  The ongoing 

MFA acoustic tagging study found several tagged walleye overwintered near or below the ICS, 

usually moving back and forth between the two receivers placed upstream and downstream of 

the mouth of the La Salle River.  One walleye detected near St. Adolphe in January 2005 

moved downstream from St. Adolphe through the control structure and was caught in March by 

an ice fisherman near the mouth of the La Salle River.  Radio-tagged walleye in the vicinity of 

Brandon were reported to remain in deep pools occurring along the outside bends of the 

Assiniboine River throughout winter (B. Bruederlin, as cited in MacDonell 2000).  Kristofferson 

(1994) reported catching a walleye in a gill net in Cooks Creek in December.  Tag returns from 

fish Floy®-tagged by Kristofferson (1994) in the lower Red River suggested that walleye 

remained in this area from at least October to March. 

 
Sauger 

 

Sauger Floy®-tagged by Clarke et al. (1980) in the Red River at Winnipeg were recaptured as 

distant as Hecla Island to the north, Grafton, North Dakota to the south, and Portage la Prairie 

to the west.  Individual sauger were observed to travel up to 283 km in 35 days and 135 km in 

nine days.   
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Clarke et al. (1980) observed the greatest abundance of sauger in the Red River in late May, 

corresponding with the onset of the spawning.  Upstream movements commenced prior to mid 

May. 

 

Clarke et al. (1980) suggested that sauger disperse both upstream and downstream following 

spawning (Clarke et. al. 1980).  Summer movements are reported to be minimal, but there are 

records of individual sauger moving as far as 160 km in the Mississippi River (Scott and 

Crossman 1973).     

 

Clarke et al. (1980) observed upstream movements of sauger in the Red River within the City of 

Winnipeg during fall.  The fall congregation of sauger at the mouth of the Red River is further 

evidence of a potential fall migration (R. Moshenko as cited in Clarke et al. 1980).  Data from 

the ongoing MFA acoustic tagging study show that tagged sauger moved downstream during 

fall 2005.  One moved from below the ICS to End of Main Park, and possibly continued 

downstream into Lake Winnipeg.  The other sauger moved from St. Adolphe to the area below 

the ICS.   

 

Sauger movements in the Red River during winter are not well documented.  Clarke et al. 

(1980) speculated that some sauger overwinter in both the Red River and Lake Winnipeg.  

Similar to walleye, it is probable that sauger overwinter throughout the Red River mainstem. 

  
Northern Pike 

 

In general, northern pike are fairly sedentary (Scott and Crossman 1973).  Clarke et al.  (1980) 

found little evidence that pike in the Winnipeg area undertook extensive movements.  A northern 

pike Floy®-tagged at the mouth of Sturgeon Creek in the spring of 1998 (D. Wain, as cited in 

Remnant et al. 2000) was recaptured at the North End Water Treatment Plant in Winnipeg in 

March of 1999 (Remnant et al. 2000).   

 

Clarke et al. (1980) noted upstream movements of northern pike in the Red River in Winnipeg 

during spring.  Northern pike tagged with acoustic transmitters during the ongoing MFA study 

generally remained within the vicinity of the ICS, usually moving back and forth frequently 

between two receivers placed upstream and downstream of the mouth of the La Salle River.  
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One of these pike was detected in early spring by a receiver placed in the La Salle River near 

La Barriere Park. Another northern pike was detected in the Floodway Channel during Floodway 

operation in spring 2006.  Based on DIDSON camera results, TetrES (2004) concluded that 

over 5000 fish per day were migrating upstream past the ICS on April 30th and May 1st, 2004.  

Although the proportion could not be determined, TetrES concluded that northern pike 

comprised some of the fish moving through the structure.    

 

Clarke et al. (1980) noted downstream movement of northern pike in the City of Winnipeg during 

summer.  They speculated that since northern pike were absent from hoopnet catches in 

August, they may move into deeper water during the middle of the summer.  Tagged northern 

pike monitored during the ongoing MFA acoustic tagging study showed little movement during 

summer and fall, primarily remaining in the area below the ICS. Four northern pike 

demonstrated significant downstream movements during fall; three moving past the St. Andrews 

Lock and Dam, and one moving downstream to the St. Andrews Lock and Dam.  Sampling 

below the ICS during summer operation of the Floodway in June and July 2005 did not show a 

progressive increase in northern pike numbers suggesting that an upstream migration was not 

occurring at the time (Graveline and MacDonell 2005).  

 

Ten northern pike tagged with acoustic transmitters in the vicinity of the North End Water 

Treatment Plant  in Winnipeg moved little during the winter study period in 2000 (Eddy et al. 

2000).  These data and data from the MFA acoustic tagging study suggest that northern pike 

overwintering in the Red River have small winter home ranges. 

 
Lake Sturgeon 

 

The 1799-1814 journal entries of Alexander Henry (Henry and Thompson 1897 as cited in 

Stewart and Watkinson 2004) and a 1903 record of sturgeon in the Roseau River (Waddell 

1970 as cited in Stewart and Watkinson 2004) provide evidence of upstream abundance and 

distribution of sturgeon in the Red River (Stewart and Watkinson 2004).  Recent reintroduction 

programs have resulted in a return of lake sturgeon to the Red River.  Sturgeon introduced in 

Minnesota tributaries have been recaptured in the lower Red River and Lake Winnipeg.  With 

the exception of this downstream dispersal of juveniles, there is currently little information on the 

extent of movements of individual sturgeon within the Red and Assiniboine Rivers.  Given that 
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sturgeon do not mature until they are approximately 18 years old and the first sturgeon was 

stocked in the Assiniboine River in 1996 and in the Red River in 1997, movements of adult 

sturgeon to spawning grounds in the Red River will not likely begin to occur until approximately 

the year 2014. 

 

White Sucker 

 
Little is known of white sucker movements in the Red River, although large numbers are known 

to migrate upstream and into tributaries to spawn.  Upstream spawning migrations generally 

commence in mid to late April (Stewart and Watkinson 2004). Clarke et al. (1980) speculated 

that white suckers begin to move downstream to Lake Winnipeg in June after spawning in the 

Red River or its tributaries. 

 

Sampling below the ICS during summer operation of the Floodway in June and July 2005 did 

not show a progressive increase in sucker numbers suggesting that an upstream migration was 

not occurring at the time (Graveline and MacDonell 2005). Clarke et al. (1980) noted a second 

peak in abundance of white suckers in the Red River during August.  Some white suckers 

tagged from the Red River near Winnipeg in May and early June were recaptured at Lockport in 

February (Clarke et al. 1980). 

 

Goldeye 

 
Little is known of goldeye movements in the Red River.  Goldeye move upstream to spawn after 

which some will continue to move upstream, apparently to feed (Clarke et al. 1980).  

Downstream movements can occur in summer and fall to overwintering locations in lakes and 

rivers.  

 

Sampling below the ICS during summer operation of the Floodway in June and July 2005 did 

not show a progressive increase in goldeye numbers suggesting that an upstream migration 

was not occurring at the time (Graveline and MacDonell 2005). Goldeye are known to 

overwinter in the Red River within the City of Winnipeg (Remnant et al. 2000, TetrES 

Consultants Inc. 1992).  
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Freshwater Drum 

 
Freshwater drum tagged in the Red River near Winnipeg have been known to travel as far south 

as Drayton, North Dakota, and as far north as Rabbit Point in Lake Winnipeg (Clarke et al. 

1980). Freshwater drum in the Red River have been known to travel 55 km within two days 

(Barth and Lawrence 2000) and 29 km in a single day (Clarke et al. 1980).   

 

Clarke et al. (1980) speculated that freshwater drum moved upstream from Lake Winnipeg 

during the spring and early summer to spawn in the Red River (Clarke et al. 1980).  

Downstream movements to overwintering locations in Lake Winnipeg were thought to 

commence in late summer.  Acoustic telemetry data collected by Barth and Lawrence (2000) 

showed that the majority of tagged freshwater drum within the City of Winnipeg moved 

downstream towards Lake Winnipeg in late summer. In contrast, there was evidence that 

freshwater drum were moving upstream during early summer 2005 as numbers captured below 

the ICS progressively increased during operation of the Floodway (Graveline and MacDonell 

2005). 

 
3.4 SWIMMING CAPABILITIES 
 

The ability of fish to swim through the conditions present in a fish bypass system is critical in 

determining its effectiveness.  This section provides a review of ichthyomechanics, how fish 

swimming capabilities are determined, how to apply fish swimming capabilities to fishway 

design and a summary of existing information on the swimming capabilities of the key species 

identified for this study.  This information forms the basis for developing design criteria for any 

potential fishway.  

 

Fish locomotion and the mechanics of fish swimming, fish behaviour and motivation, fish 

responses to natural and artificial stimuli, are all critical to fishway design (Katopodis 1992).  

Fish transport in fishway channels depends on water velocities not exceeding the swimming 

abilities of the migrating species and the distance the fish must swim in the fishway must not 

exceed its endurance (Schwalme et al. 1985).  
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3.4.1 Swimming Modes 
 

Most fish swim using undulatory motions of their bodies and/or fins to push back against the 

water in which they live (Lindsey 1978). Several categories of propulsive movements using the 

body and fins have been devised based on the length of the tail fin and the strength of its 

oscillation; these categories include angilliform, subcarangiform, carangiform, thunniform, and 

ostrciiform (see Figure 3.1).  In most freshwater species, the swimming modes are anguilliform, 

subcarangiform, and carangiform.  Anguilliform is a purely undulatory mode of swimming. The 

side-to-side amplitude of the wave is relatively large along the whole body and increases toward 

the tail.  Typical examples of fish groups that use this mode of locomotion include lamprey and 

burbot. Fish that use the subcarangiform mode undulate most of their bodies, but leave their 

heads fairly still and concentrate most of the movement in the last two-thirds of their bodies.  In 

the Red River, fish groups that use this type of locomotion include minnow, sucker, darter, and 

catfish. For carangiform swimming, the body undulations are further confined to the last third of 

the body length and thrust is provided by the stiff caudal fin.  Fish found in the Red River that 

use this type of locomotion include freshwater drum, sunfish, and bass.   Northern pike are often 

considered to display a swimming mode that lies somewhere between anguilliform and 

subcarangiform. 

 

  

Anguilliform Subcarangiform Carangiform Thunniform 

 
Figure 3.1 – Body/Caudal Fin Propulsion Modes (after Lindsey 1978) 
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Most of the literature on fish swimming performance involves fish swimming in the 

subcarangiform and anguilliform modes (Katopodis 1992).  

 

3.4.2 Swimming Performance 
 
Fish swimming performance has been classified into three categories: burst speed (highest 

speed attainable and maintained for less than 20 seconds); prolonged speed (a moderate 

speed that can be maintained for up to 200 minutes); and sustained speed (a speed maintained 

indefinitely) (Beamish 1978). In natural waterways, fish mainly use sustained and prolonged 

speeds when migrating upstream and occasionally use burst speeds to overcome high velocity 

areas such as rapids (Katapodis 1992). Sustained swimming is primarily fuelled by aerobic 

metabolism; whereas burst swimming is primarily fuelled by anaerobic processes (Beamish 

1990 cited in Peake et al. 2000).  Prolonged swimming utilizes both aerobic and anaerobic 

energy sources. 

 

Sustained, prolonged, and burst speeds can be identified by measuring endurance over a range 

of swimming velocities. Swimming performance is typically measured in the literature in two 

ways; the fixed or constant velocity procedure (timing how long a fish can swim against a given 

water velocity before fatiguing) and the increasing velocity procedure (a series of stepwise 

increasing velocity increments maintained for fixed time intervals) (from Katopodis & Gervais 

1991).  

 

Swimming ability varies with species, size, as well as water temperature, oxygen, pH, and 

salinity (Katopodis 1992). For a given species, prolonged speed generally increases with 

temperature (within the species thermal tolerance range) and fish length (Beamish 1978; Wolter 

and Arlinghaus 2003).  In contrast, burst speeds are often temperature indifferent. 

 

Appendix B provides a summary of the available swimming performance data for species known 

to inhabit the Red River. 
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3.4.3 Application of Swimming Speeds to Fishway Design 
 

Swimming performance data can be used to develop models to predict water velocities that will 

allow fish to pass through fishways and culverts.  A number of different models have been used 

to apply laboratory swimming performance data to maximum allowable water flow in fishways.  

 

Swimming Distance Curves 

 

Katopodis and Gervais (1991) generated swimming distance curves (i.e., relationship between 

water velocity and swimming distance) from the available swimming performance data. The 

relationship is in the form: 

 

  X = (U-V)t 

 
where:  X = distance a fish travels; 
  U = swimming speed; 
  t = time (endurance); 
  V = water velocity.   
 
 
The authors assumed that similar analyses were applicable to fish swimming in the same mode 

(i.e, subcarangiform versus anguilliform), regardless of species. Figure 3.2 illustrates this 

relationship for subcarangiform species once specific water velocities and fish lengths are 

applied. The curves shown in Figure 3.2 apply to all Manitoba commercial and sport fish species 

except pike and burbot. 
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Figure 3.2 – Swimming Distance Curves for Several Fish Lengths (Katopodis 1992) 
 

Assuming that most of the fish that could potentially require upstream passage past the ICS are 

migrating for spawning purposes, and that the shortest fish are the “weakest” swimmers, the 

swimming distance curve in Figure 3.2 can be used to select a water velocity for the smallest 

fish anticipated to make use of the fishway. Most of the fish species in the Red River that are 

predicted to make such migrations reach sexual maturity by the time they reach 300 mm in 

length.  Thus, the maximum flow velocity for a 100 m fishway that would allow a 300 mm fish to 

pass is 0.7 m/s.   
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Critical Swimming Velocity 

 

Extrapolation of swimming performance between different species and different life history 

stages of a species may inadequately estimate actual swimming ability of a target species since 

swimming ability is affected by differences in body shape, body size, metabolism, and 

behaviour, among other factors (Scruton et al. 1998).  As such, species-specific swimming 

performance data is important to the successful design of fish passage systems. 

 

Water velocity for fishways and culverts can also be set using critical swimming velocities. 

Critical velocity (Ucrit) is a special category of prolonged speed that is typically used to indicate 

the upper limit of a fish’s aerobic swimming capacity (Beamish 1978).  It is the maximum 

velocity that a fish can maintain for a given amount of time before fatiguing and is typically 

calculated for either a 10 or 60 minute interval. Critical velocity is the final step attained during 

an increasing velocity test and is usually calculated on a proportional basis when the fish 

fatigues during some fraction of the final velocity step using the following relationship (after Brett 

1964 in Katopodis & Gervais 1991): 

 

 Ucrit = VP + [(VF-VP) × (tf/ti)] 

 

 where:  VP = penultimate water velocity (cm/s); (the last incremental water velocity  
 attained prior to the fish fatiguing) 

   VF = final water velocity (cm/s); 
   tf = time to fatigue after last velocity increment (s); and  
   ti = time between velocity increments (s). 
 
 
Often when two time increments were studied in determining critical swimming velocity, the 

critical swimming velocity is higher in the smaller time increments (e.g., 10 minute) than in larger 

increments (e.g., 60 minute).  

 

In most cases swimming performance is determined in flumes where swimming speed is equal 

to water velocity.  However, fish must obtain a positive ground velocity in order to ascend a 

fishway or culvert, which requires them to swim faster than the water velocity. Most non-leaping 

species (e.g., percids, centrarchids, catostomids, esocids, ictalurids, and cyprinids) must swim 

at least 30% faster than opposing flows to progress upstream (Beach 1984 in Bunt 2001). A 
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simple approach to calculating the maximum allowable water flow velocity from critical velocity 

uses the following equation: 

 

 Critical Velocity – Water Velocity = Ground Speed 

 

For example, Jones et al. (1974) used Ucrit10 data to estimate water velocities that a fish of a 

given size could pass through a 100 m culvert assuming a 10 minute transit time.  In this 

example, the required ground speed for a fish to move upstream through a 100 m long fishway, 

assuming a 10 minute transit time, is 17 cm/s.  This type of analysis assumes that fish will 

always require a 10 minute period to ascend the passage structure (or portion thereof; i.e., to a 

resting pool or behind a baffle providing velocity refugia).  The study by Jones et al. (1974) 

concluded that water flow rates needed to be kept below 30-40 cm/s to allow successful 

passage of the majority of mature individuals of migratory species through a 100 m culvert.   

 

Fish Passage Curves 

 

It has been argued that the critical velocity model greatly underestimates maximum allowable 

water speeds for relatively short (0-28 m) fishways and for long (>130 m) ascents (Scruton et al. 

1998).  Since fish can pass fishways in a few minutes or seconds, a combination of burst and 

prolonged speeds may be more appropriate for establishing water velocities within a fishway 

structure.   

 

‘Fish passage curves’, as described by Scruton et al. (1998), can be used to relate the distance 

of passage to the water velocity in the passage structure assuming the distance is passed in a 

specified time interval (Figure 3.3).  The first part of the curve (1) estimates the distances that 

fish could cover using burst swimming to ascend a relatively short distance (i.e., a high velocity 

portion of a fishway) and assuming a time value of 15 seconds.  The second part of the curve 

(2) estimates the distances that fish could cover using prolonged swimming to ascend a 

somewhat longer distance and assuming a transit time ranging from 2 to 10 minutes.  The third 

part of the curve (3) represents a sustainable speed for fish and therefore represents a water 

velocity that theoretically should not represent any form of velocity barrier.  This type of analysis 

requires that the length, temperature, and time values fall within the ranges tested. 
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Figure 3.3 – Fish Passage Curve Developed for Walleye (Scruton et al. 1998). 
 

3.4.4 Species-Specific Swimming Abilities 
 

This section reviews available swimming performance data for each of the key species identified 

for this study.  While there is currently no information on the swimming performance of 

freshwater drum and sauger, data for largemouth bass and walleye can be used to assess fish 

passage criteria for these species.  In addition to a review of laboratory studies on fish 

swimming capabilities, a number of case studies were reviewed to determine actual conditions 

in fish passage facilities that have been utilized by the species of interest.  The case studies are 

summarized in Appendix C.  

 

Walleye  

 

Only one study has provided information on the appropriate water velocities for large, mature 

walleye at temperatures that may occur close to the time of spawning for this species (Peake et 

al. 2000).  The authors found that maximum sustainable and prolonged swimming speeds of 
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walleye increased significantly with fish length, water temperature and time of day, whereas 

burst speeds only increased with fish length. As well, the study found that the highest swimming 

speed that walleye could maintain for 60 minutes (i.e., maximum sustained swimming 

performance) was low when compared to other species (e.g., sockeye salmon, rainbow trout, 

smallmouth bass), and the swimming velocities that could be maintained for 10 minutes (i.e., 

prolonged swimming performance) was only marginally greater than this value.  However, 

walleye were able to attain relatively high speeds when startled, which the authors hypothesized 

was indicative that though walleye were capable of shifting from slow aerobic movement to 

anaerobic (burst) swimming mode, they were disinclined to do so.   

 

Peake et al. (2000) determined that water velocities would have to be kept below 0.57 m/s for a 

mature walleye (35-65 cm) to pass through 40 m culvert at 10ºC, a temperature typical of the 

spring spawning migration.  They reported that a more conservative approach would be to use 

the maximum sustained model, which predicts that the 35 cm walleye would pass a culvert of 

any length at 10ºC provided the water velocities were set below 0.42 m/s. 

 

Using the same data, Scruton et al. (1998) reported that the walleye in their study showed a 

lower prolonged swimming ability compared those in the Jones et al. (1974) study. Whereas 

Jones et al. (1974) reported that a 38 cm walleye would be expected to pass a 100 m culvert if 

water speed was kept below 0.70 m/s.  Scruton et al. (1998) found that a similar sized fish 

would be expected to pass the same length of fishway only if water velocities were kept below 

0.53 m/s, or below 0.43 m/s at 10ºC (a temperature more likely to reflect conditions during the 

spawning migration).   

 

Haro et al. (2004) in the study of sprint swimming abilities of several migratory species found 

that walleye (225-415 mm; water temperature 9-18ºC) were able to go a maximum distance of 

13 m at 1.5 m/s; 8 m at 2.5 m/s; and 2 m at 3.5 m/s in a large open-water flume.   

 

Lake Sturgeon 

 
Scruton et al. (1998) concluded that critical speed increased with temperature and with total fish 

length.  Endurance at sustained and prolonged swimming speeds increased with temperature 

but was independent of temperature at higher burst speeds while endurance increased with 
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total fish length at all speeds.  Swimming performance, relative to body length, was inferior to 

that of salmonids.  The authors concluded that the maximum water velocity that would allow 

passage of a 120 cm sturgeon ranged from 1.56 m/s for a 4 m fishway to 1.1 m/s for a 100 m 

long fishway.   

 

Peake et al. (1995) calculated the critical velocity (10 minute intervals) for large lake sturgeon 

(120 cm) at 14ºC, a temperature within the spawning range for this species, and estimated the 

maximum sustained speed.  Under these conditions, sturgeon were found to have a critical 

velocity of 0.97 m/s and a maximum sustained speed of 0.84 m/s.  The authors recommended a 

maximum flow velocity of 1.22 m/s for a 100 cm lake sturgeon to successfully pass a 10 m 

fishway at 14ºC.  Scruton et al. (1998) determined the burst speed and sustained speed for lake 

sturgeon.  The authors established that a sturgeon greater than 100 cm in length was able to 

attain a burst speed of 1.8 m/s and a sustained speed of 0.9 m/s at 14ºC.  

 

Goldeye 

 

Jones et al. (1974) determined the critical velocity (10 minute intervals) for two goldeye (mean 

length = 22.5 cm) that were within the size range of sexually mature fish at a temperature (12ºC) 

that is within the spawning range for this species.  The mean critical velocity (Ucrit10) for goldeye 

was calculated as 0.6 m/s. 

 

Northern Pike 

 

Northern pike are considered weaker swimmers and therefore require lower maximum water 

velocities than other fish species (MNR and DFO 1996). 

 

Several studies have measured the swimming performance of northern pike (Poddubny et al. 

1970; Stringham 1924; Jones et al. 1974; Gray 1953; Magnan 1929; Lane 1941, all cited in 

Beamish 1978).  However, in most of these cases the length of fish tested was not documented 

nor was the water temperature.  Peake (2001) concluded that pike are capable of passing 

through culverts, up to 25 m in length, containing mean water velocities as high as 1.25 m/s, 

and that structures 25 to 50 m in length require flows at or below 1.00 m/s for safe passage.  
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The author reported that the ability of pike to move through culverts did not appear to be related 

to fish length (range: 42-79 cm) or water temperature (7.0-20.5ºC). 

 

White Sucker 

 

Only one study (Jones et al. 1974) was found that has measured the swimming performance of 

white sucker.  However, because the water temperature used in the study was generally above 

(>12ºC) the spawning temperature range for the species and the size of fish was generally 

below (17-37 cm) the size range of sexually mature fish (> 35 cm), the swimming performances 

determined may not be indicative of those of fish requiring passage during the spawning 

migration. 

 

Haro et al. (2004) in a study of sprint swimming abilities of several migratory species found that 

white sucker (285-505 mm; water temperature 10-23ºC) were able to go a maximum distance of 

18 m at 1.5 m/s; 11 m at 2.5 m/s; 8 m at 3.5 m/s; and at 3 m 4.5 m/s in a large open-water 

flume.   

 

Channel Catfish 

 

The only study identified that examined swimming performance for channel catfish (Hocutt 1973 

cited in Beamish 1978) used fish that were much smaller (14-15 cm) than sexually mature 

individuals (>50 cm).  As swimming performance is typically size dependant (Beamish 1978; 

Wolter and Arlinghaus 2003), there is a lack of information on the swimming capabilities of 

mature fish that are likely to use the fish passage structure during spawning migrations. 

Moreover, the Hocutt study tested the swimming performance of catfish during an acute 

temperature exposure. 

 

Assuming that a 100 m of upstream headway was to be made in 20 minutes (since the critical 

velocity was calculated for 20 minute intervals), a ground speed of 0.083 m/s would need to be 

maintained.  Based on the relationship between distance and fish swimming speed, a 14-15 cm 

catfish (critical velocity = 0.32-0.61) would be able to cross a 100 m fishway in 20 minutes if the 

water velocity was set to a maximum of 0.24 to 0.53 m/s.  Since larger fish are typically better 

swimmers, water velocity in theory could be set higher for sexually mature catfish.  Note also 



Conceptual Engineering Study for Fish Passage  FINAL REPORT 
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 41

that Jones et al. (1974) did not use channel catfish in their study, so no regression equation that 

related critical velocity to fish length exists for this species and none of the species are similar 

enough to be substituted. 

 

3.5 GAP ANALYSIS 
 

A detailed summary of existing information on life history characteristics, movements, and 

swimming performance for each of the key Red River fish species selected for consideration in 

this study is provided in Appendix D.  Data gaps relevant to determining the rationale for 

providing and designing a fish passage facility at the ICS are also identified and evaluated.  The 

following section provides a brief summary of information in Appendix D, which will be critical in 

assessing the need for collecting additional information for the decision making and/or design 

process. 

 

Channel Catfish 

 

Channel catfish are known to comprise a large proportion of the large-bodied fish population in 

the Red River, but total abundance is not known.  Several studies have speculated that there 

are a number of distinct populations within the river that are segregated by size, sexual maturity, 

and/or movement patterns, however, this has not been confirmed.    

 

Channel catfish are known to move extensively within the Red River system, but results of 

several studies to date have not shown any distinct pattern to the movements.  Both upstream 

and downstream movements have been demonstrated in spring. TetrES Consultants (2004) 

observed what appeared to be channel catfish migrating upstream through the ICS during 

spring 2004, but it was not determined how many were moving through the structure or if the 

structure was acting as a barrier to movement.   Consequently, there is currently insufficient 

information to conclude whether upstream movements of channel catfish are being hindered by 

the ICS during spring. 

 

Exact spawning locations are largely unknown, although most spawning is believed to occur in 

the Red River mainstem and larger tributaries.  Netley Marsh is speculated to be an important 

location for spawning.  The need for channel catfish overwintering in the vicinity of Winnipeg to 



Conceptual Engineering Study for Fish Passage  FINAL REPORT 
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 42

access spawning areas upstream is unknown.  Post spawning dispersal can be in either an 

upstream of downstream direction.   Channel catfish density downstream of the ICS increased 

during operation in the summers of 2004 and 2005.  The extent of the blockage and effect on 

channel catfish remain uncertain.  The lack of understanding of the importance of upstream 

movements of channel catfish during summer makes it difficult to assess the effects of the 

blockage.  

 

Downstream movements have been shown to occur in fall and little movement is observed in 

winter.   Acoustic telemetry studies have shown that the majority of channel catfish will remain in 

a relatively local area for extended periods of time.   

 

Several authors (as cited in Macdonald 1990) have found that with the exception of movements 

into tributaries, catfish movements are random.  As noted by Hesse et al. (1982, as cited in 

Macdonald 1990) channel catfish movements may be density dependent and spontaneous. 

 

The extent of channel catfish movement in the Red River prior to construction of barriers is 

unknown and therefore the present situation is difficult to compare to a barrier free environment. 

In addition, other barriers present along the Red River (e.g. St. Andrews Lock and Dam) may 

have already altered the populations and movement patterns of catfish in the area further 

confounding comparisons. It should be noted that despite the presence of several barriers to 

fish movement, the Red River currently supports one of the best recreational channel catfish 

fisheries in North America. 

 

No species specific swimming performance data were found for mature channel catfish (> 50 

cm).  However, similar species of catfish (e.g., brown bullhead, stonecat) have been 

documented to successfully ascending Denil fishways where water velocities are in the range of 

0.2-1.2 m/s (Bunt et al. 2001).  Swimming capability of channel catfish can be estimated using 

the subcarangiform model based on fish length from swimming distance curves generated by 

Katopodis and Gervais (1991). 
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Walleye 

 

Walleye are an important component of the recreational fishery on the Red River and the most 

important species in the Lake Winnipeg commercial fishery. While total abundance in the river is 

unknown, the species is known to comprise a relatively small proportion of the overall large 

bodied fish population in the Red River within Winnipeg.    

 

Based on tagging information, there are thought to be two populations of walleye in the lower 

Red River.  One population is believed to remain primarily below St. Andrews Lock and Dam, 

while the other population resides upstream. Only the upstream population would have the 

potential to be currently affected by the ICS.  

 

Though upstream spawning migrations are typical for walleye, there are few data from the 

vicinity of the ICS to indicate whether upstream movements are being hindered during spring.  

Additionally, little is known of the importance of tributary habitat south of Winnipeg to walleye 

that reside within the city for most of the year.   A lack of historical data for comparison and a 

general lack of information on the effects of other barriers on the Red River further confound 

predictions of the potential effects of the ICS on walleye movements.  

 

There are sufficient data on swimming performance of this species to assess the potential for 

walleye to use fishways. Though walleye have been observed successfully ascending Denil 

fishways with water velocities ranging from approximately 0.7-1.7 m/s (Katopodis et al. 1991) 

they often avoid using these structures when available. The reasons walleye avoid fishways are 

unclear (Schwalme et al. 1985) and this represents a potentially important information gap.   

 

Sauger 

 

The overall population size of sauger in the Red River is unknown, but several studies have 

suggested that sauger comprise a relatively large proportion of the large-bodied fish population 

(e.g. Remnant et al. 2000) and are just as important to the recreational fishery as walleye.  

 

Sauger are primarily found in the Red River mainstem and in some of the larger tributaries.   

Spawning is primarily thought to occur in the Red River mainstem in areas characterized by 
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cobble and gravel substrates.   The relative importance of mainstem habitats upstream of the 

ICS to sauger inhabiting areas further downstream is unknown.  There is no information with 

regard to movements in the vicinity of the ICS during spring. Sauger have been observed 

moving in the Red River during both summer and fall (Clarke et al. 1980) and there are some 

data to suggest that upstream movements may be impaired by summer operation of the ICS.  

The importance of summer movements remains uncertain, although the magnitude appears 

relatively small.  Historical movements and the potential effects of other barriers in the Red 

River are unknown. 

 

Information on the swimming capabilities of sauger are lacking.  However, because of their 

similarity, data on walleye swimming capability can be used to assess the potential swimming 

ability of sauger. 

  

Northern Pike 

 

Although the abundance of northern pike in the Red River is relatively low due to a lack of 

optimal foraging and spawning habitat within the mainstem, it is an important species in the 

recreational fishery.   

 

Northern pike are known to undertake upstream spawning migrations during spring, but there 

are relatively little data to determine if such movements are occurring in the Red River in the 

vicinity of the ICS and if they are being obstructed in any way.  Acoustic telemetry data suggest 

that the majority of northern pike within the Red River have relatively small home ranges at all 

times of the year and generally spawn within these small ranges.  Since primary operation of the 

ICS is during spring, spring movement data would be most critical for assessing potential 

impacts. However, it seems likely that, since pike are not a major component of the Red River 

fish community and have small home ranges, potential population-level impacts from the ICS 

would be limited. There is no evidence that northern pike undertake an upstream migration 

during summer and therefore do not appear to be hindered by summer operation of the ICS. 

Like with other species, historical movements and the potential effects of other barriers in the 

Red River are unknown. 
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A number of studies have examined the swimming performance of northern pike and suggest 

that pike can successfully use fishways with water velocities ranging from 0.4-2.9 m/s 

(Schwalme et al. 1985, Katopodis et al. 1991). Pike show preference for Denil fishways in 

particular. The higher the water velocity, the less successful pike will be at attempting to ascend 

a fishway (Katopodis et al. 1991). Though information on general swimming performance is 

available, the specific swimming capabilities and behaviour of northern pike within the size 

ranges in the Red River and the water temperatures during potential upstream spawning 

migrations are not available.  

 

Lake Sturgeon 

 

Lake sturgeon were extirpated from the Red River upstream of Lockport decades ago.  In recent 

years, there has been an effort to re-establish the sturgeon population within the Red River 

watershed both in the United States and Canada.   

 

There is little readily available information with regard to the historical population structure and 

movements of lake sturgeon in the Red River.   Historical spawning locations within the river are 

unknown, and because of the current age structure of the population (no mature fish), there are 

no existing spawning movements.  It remains uncertain whether maturing stocked lake sturgeon 

will show fidelity to their stocking locations when seeking out spawning locations in the future.   

Lake sturgeon typically spawn in boulder/cobble rapids, which are rare within the Red River 

watershed.  Areas such as the Lister/St Andrews rapids may have provided suitable spawning 

conditions historically, but were substantially impacted by construction of St. Andrews Lock and 

Dam in the early 1900s.  Replacement of fixed weir dams with rock/riffle habitat may provide 

suitable conditions for spawning in a number of locations within the United States.  Lower 

reaches of tributaries on the east side of Lake Winnipeg may also provide suitable spawning 

habitat.  Spawning locations and spawning movements will remain uncertain until stocked lake 

sturgeon mature and begin to spawn.  Since stocking commenced in 1997 and sturgeon do not 

mature until approximately 18 years of age, this may not occur until approximately the year 

2014.   

 

Though there are available data on sturgeon swimming performance there is little direct 

evidence of successful passage of sturgeon through barriers. In addition, most of the available 
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information on swimming performance has been collected from hatchery-reared fish placed in 

closed experimental flumes (e.g., Katopodis 1995) and not from wild sturgeon in fishways 

connected to a natural habitat.    

  

White Sucker 

 

White sucker comprise a relatively large proportion of the large bodied fish within the Red River, 

although total abundance is unknown.  In combination with several other catostomid species 

(e.g., redhorses and quillback) they account for an estimated one quarter of the large-bodied 

fish community.  Although the species is not important from a recreational or commercial 

perspective, it can be considered ecologically important based on its abundance 

 

White sucker are known to undertake upstream spawning migrations during spring.  However, 

there are no data from the vicinity of the ICS during spring to show whether white sucker are 

migrating upstream or whether movements are being blocked.  White sucker movements do not 

appear to be blocked during summer operation of the ICS.  There are no historical data for 

comparison to current data and the potential effects from other, earlier barriers on the Red River 

remain unknown.  

 

There is no information on the swimming performance or burst speed of this species within the 

preferred temperature range for spawning (<11ºC). However, swimming capability can be 

estimated for this species from studies on other fish using a subcarangiform swimming mode 

(Katopodis and Gervais 1991). In addition, white sucker have successfully ascended Denil and 

vertical fishways with water velocities ranging from approximately 0.2-2.9 m/s (Schwalme et al. 

1985; Katopodis et al. 1991; Bunt et al. 2001). Vertical slot fishways, which have lower water 

velocities and shorter distances of high velocity flow appear to be preferred (Schwalme et al. 

1985). Katopodis et al. (1991) noted that none of the white sucker attempting to ascend the 

Denil fishway near the surface (where water velocities were > 1.3 m/s) were successful.  

 

Goldeye 

 

Goldeye comprise a relatively large proportion of the large-bodied fish species in the Red River 

and are an important component of the recreational fishery on the river. 
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Goldeye are known to migrate upstream to spawning areas during spring and early summer, 

however, little is known about the precise locations, timing and duration of goldeye spawning in 

the Red River. There is no data from the vicinity of the ICS to indicate whether goldeye 

movements are being blocked in spring. There is no evidence that goldeye undertake an 

upstream migration during summer and therefore goldeye do not appear to be hindered by 

summer operation of the ICS.  The magnitude and importance of summer movements remain 

uncertain.  There are no historical data for comparison to current movements and the impacts of 

other barriers on goldeye movements it the Red River remain unknown.  

 

There are some data on swimming capabilities of goldeye (Jones et al. 1974), but none on burst 

speeds.   There is some uncertainty with regard to the propensity of goldeye to use fishways 

despite suitable velocities (Schwalme et al. 1985).  

 

Freshwater Drum 

 

Freshwater drum are relatively abundant in the Red River and are an important component of 

the recreational fishery.   

 

Although freshwater drum are known to migrate upstream to spawning areas in spring, exact 

spawning locations in the Red River system are not known.  The importance of mainstem 

habitat upstream of the ICS to freshwater drum downstream is unknown. There is no data from 

the area of the ICS during spring to indicate whether upstream movements of this species are 

occurring in this area or whether they are being hindered.  There is evidence that the ICS blocks 

upstream movement of freshwater drum during summer operation, although the magnitude and 

importance of upstream movements during this time remain uncertain.   There are no historical 

data regarding freshwater drum movements in the Red River, nor is there any information on 

the potential effects of other fish barriers on the freshwater drum population.  

 

Swimming performance of freshwater drum has not been documented in the literature and 

would need to be estimated based on surrogate species abilities (e.g., largemouth bass) or 

swimming performance curves.   
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4.0 FISH PASSAGE CRITERIA 
 

4.1 TIMING WINDOWS 
 

Existing fish movement information for key Red River fish species (see Section 3.3) was 

assessed to select potential periods of time when the ICS may act as a barrier to upstream 

movement. It has been assumed that the structure does not hinder downstream movements. 

For most species, the timing windows for fish passage correspond to upstream movements 

related to spawning. Channel catfish and freshwater drum have also been shown to move up 

the Red River during summer, although the timing and importance of these movements is 

uncertain.  Proposed timing windows for providing fish passage at the ICS are summarized in 

Table 4.1. 

 

4.2 VELOCITY CRITERIA 
 

Existing data on swimming capabilities (see Section 3.4, Appendix B) were reviewed in order to 

develop and recommend the maximum allowable water velocity criteria presented in Table 4.1. 

These values were obtained using three methods: the size-based model generated by 

Katopodis (Swimming Distance Curves); the critical velocity model; and assessment of the 

water velocities in representative case studies for Canadian fishways in which fish were 

observed ascending (Appendix C).  

 

These criteria can be used to provide an overview assessment for both the level to which the 

existing ICS is a barrier to fish passage and to carry out the hydraulic design of a fishway. The 

analyses and conceptual designs presented in this report have been based on the velocity 

criterion defined by the swimming distance curves. However, it should be noted that the velocity 

criteria associated with the swimming distance curves represents only a specific velocity over 

the range of velocity criteria presented in Table 4.1. In actuality, the velocity at which a structure 

would act as a barrier to fish passage is uncertain and depends on many factors. These factors 

would include the size of the fish, the willingness of the fish to swim to its maximum ability, 

water temperature, the characteristics of the structure the fish are navigating through, etc.  
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Table 4.1 – Migration Timelines and Swimming Performance of Selected Fish Inhabiting the Red River 
 

Migration2 Swimming Performance 
(m/s)4 Maximum Allowable Water Velocity (m/s) 

Common Name Scientific Name Swimming Mode1 
Length at 
Maturity 

(cm) Type Timing/Duration Red River 
Temp3 (ºC) 

Critical 
Velocity Burst Speed Swimming 

Distance Curves5 Critical Velocity6 Case Study7 

Spawning Early-June-early-July 15-29 - - 0.9 / 3.2 0.24-0.53e 0.2-1.2j 
Channel Catfish Ictalurus punctatus Carangiform >50 

Summer 
dispersal June-July 15-30      

Freshwater 
Drum Aplodinotus grunniens Unknown >20 Spawning Early-June-late-August 15-23 - - 0.5 / 1.2 0.29f 0.2-1.2j 

Goldeye Hiodon alsoides Subcarangiform >25 Spawning Early-May-early-July 10-13 0.6a - 0.6 / 1.5 0.43  

Lake Sturgeon Acipenser fulvescens Subcarangiform/carangiform >75 Spawning Late-May-mid-June 11-18 0.97b 1.8b >0.9 / >3.2 0.80  

Northern Pike Esox lucius Subcarangiform/labriform >30 Spawning Early-April-early-May 4-11  2.8-3.4c 0.7 / 1.8 0.15g 0.7-1.7i 
0.4-2.9h 

Sauger Stizostedion 
canadense Subcarangiform >30 Spawning Late-May-early-June 4-6 - - 0.7 / 1.8 see walleye 0.7-1.7i 

Walleye Stizostedion vitreum Subcarangiform >35 Spawning Mid-April-late-May 4-11 0.30-1.14d 1.60-2.60d 0.7-0.8 / 1.8-2.6 0.63g 0.7-1.7i 

White Sucker Catostomus 
commersoni Subcarangiform >35 Spawning Mid-April-mid-June 4-11 - - 0.7-0.8 / 1.8-2.6 0.54g 

0.7-1.7i 
0.4-2.9h 

0.2-1.2j 

NOTES: 

1 – Swimming mode from Katopodis (1992) 
2 – The focus is on migrations that typically occur between March and July when the ICS has historically been in operation 
3 – Water temperature in the Red River was estimated for the timing of the migration using a combination of historical water temperature data and the spawning temperature ranges for each species 
4 – Only swimming performance data calculated for water temperatures and fish lengths within the range expected for each species during spawning migrations are presented 
5 – Determined from the graph in Katopodis and Gervais (1991) for the smallest mature fish of each species for a length of 100 m for prolonged speed and a length of 1 m for burst speed 
6 – Calculated using the equation: Ground Speed = Critical Velocity – Water Velocity (from MNR 1981); for a length of 100 m to be ascended within a 10 minute transit time (i.e., Ground Speed = 0.17 m/s); Ucrit data as listed under Swimming Performance column unless otherwise noted 
7 – Estimated water velocities in fishways successfully ascended by various species 
 
a – Ucrit10 from Jones et al. (1974) for goldeye with a mean length of 22.5 cm at a water temperature of 12ºC 
b – both Ucrit10 and burst speed from Scruton et al. (1998) for sturgeon > 100 cm at a water temperature of 14ºC; burst speed maintained for < 30 seconds 
c – from Frith and Blake (1995, cited in Wolter and Arlinghaus 2003) for pike with a mean length of 41.2 cm at water temperature between 8-12ºC; burst speed maintained for < 1 second 
d – both Ucrit10 and burst speed from Peake et al. (2000) for walleye 16-67 cm in length at water temperatures between 6-20ºC 
e – using Ucrit20 for channel catfish 14-15 cm in length at water temperatures ranging from 15-35ºC (Hocutt 1973, cited in Beamish 1978) 
f – using Ucrit10 for largemouth bass with a mean length of 10.2 cm at water temperature of 25ºC (Farlinger and Beamish 1977, cited in Beamish 1978) 
g – using Ucrit10 calculated for minimum size to maturity using regression equation from Jones et al. (1974) at water temperatures from 12-19ºC 
h – Schwalme et al. (1985) assessment of a vertical fishway and two Denil fishways on the Lesser Slave River, AB 
i – Katopodis et al. (1991) assessment of two Denil fishways on the Fairford River, MB and on Cowan Lake, SK 
j – Bunt et al. (2001) assessment of two Denil fishways on the Grand River, ON; stonecat and brown bullhead assumed to be representative of channel catfish and largemouth bass assumed to be representative of freshwater drum 
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The schematic graph shown in Figure 4.1 illustrates how this range of maximum allowable 

velocity criterion associated with a given size of a specific fish species should be interpreted to 

determine whether or not a given structure is impassable to fish relative to the velocity criterion 

adopted for this study.  The graph shows the following three shaded areas: 

 

1. The time when the velocities within a structure are low enough that the structure would 
not be a barrier to fish passage, 

 
2. the time when the velocities within the structure would be within the range of maximum 

allowable water velocity for a fish to navigate and the structure may or may not be a 
barrier to fish passage, and  

 
3. the time when the velocities within a structure are too high that would result in the 

structure likely being a barrier to fish passage.  
 
 
The dashed line drawn through the range of maximum allowable velocity represents the velocity 

criterion that has been used in this study based on the best available swimming distance curve 

data for a given size of a given species of fish.  
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Figure 4.1 – Schematic of Maximum Allowable Velocity Criterion 
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It should be noted that the potential effects of fatigue should be considered when using 

swimming performance to set water velocities in fishways (Haro et al. 2004).  The rate and 

distance of successive attempts could be affected by the extent to which fish exhaust their 

glycogen stores or other metabolic resources.  Once depleted, these stores can take hours or 

even days to recover (Black et al. 1962 in Haro et al. 2004).  Consequently, the longer the 

fishway and the more numerous the higher velocity areas within a fishway, the more 

conservative one should be in selecting appropriate velocity criteria.  

 

Excessive water velocities are not the only factor that may affect the ability of a fish passage 

facility to pass fish.  Fishway design must also consider fish space requirements and behaviour, 

particularly for species such as lake sturgeon which can exceed 1 m in length.   Fishways have 

traditionally been designed to provide safe passage for jumping fish (e.g., salmonids).  Lake 

sturgeon and channel catfish are non-jumping species whose swimming performance is 

generally inferior to that of salmonids (Peake et al. 1995).  Peake et al. (1995) suggested that 

space may be more important than slowing water velocity within a fishway if the emphasis is on 

passing only fish of spawning size.  

 

Turbulence, air entrainment, back-currents and disorienting flows in a fishway are additional 

factors that can affect successful fish passage (from Bunt et al. 2000). Schwalme et al. (1985) 

reported that walleye did not use vertical slot or Denil fishways despite the fact that the water 

velocities were within their swimming capabilities. Walleye have been shown to willingly enter 

local areas of high velocity linear flow but may not successfully ascend a structure that contains 

tight corners and irregular flows (Scruton et al. 1998). Bunt et al. (2000) postulated that the low 

passage efficiency (0%) of walleye in a Denil fishway may have been related to the presence of 

major vortices in the resting pools.  He noted that walleye show tendencies to avoid turbulent 

water, especially at low water temperatures.  The authors suggested that spiral fishways or 

fishways with rounded corners, as well as linear fishways with resting pools that do no create 

back-currents or whirlpools, would be more appropriate to this species than double-back, or 

convoluted fishways.  Peake et al. (2000) attributed the poor performance walleye in passing 

fishways to the disinclination of this species to swim at moderate speeds. 
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4.3 ATTRACTION FLOWS 
 

Effective fishway design depends on the unique site conditions and target fish.  For fishways to 

be effective, they must not only enable fish to swim upstream with minimal energy expenditure, 

but they must first attract fish to the entrances.  The fishway entrance must be designed to 

attract fish with minimal delay.  The attraction of a fishway depends on the location of its 

entrance in relation to the obstruction and on the hydraulic conditions in the vicinity of the 

entrance. In some instances, fishways may require multiple entrances.   

 

Fish entrances should be located where fish will have good access.  To attract fish, the entrance 

cannot by located too far from the obstruction, too far from the main stream flow, or in a back 

eddy.  The entrance must not be masked by the turbulence, nor by the recirculating zones or 

static water.  The entrance should be situated low enough in the river to eliminate the risk of it 

being exposed.   

 

In most cases, the only active stimulus used to guide fish towards the entrance is the flow 

pattern at the obstruction.  Attraction flows, which are localized areas of high velocity water, 

serve to lure fish to fishway entrances. Increases in attraction flow generally result in improved 

efficiency.  The volume and source of the attraction flow is a key factor in moving fish into a 

fishway.  Attraction flows must be set in relation to river discharge during the migration period 

and the behaviour of the target species in relation to the flow pattern at the base of the 

obstruction.  Although it is difficult to provide precise attraction flow criteria, the volume of the 

attraction flow should be at least 1-2% of the tailrace discharge. The ICS gates have historically 

been operated when the total river discharges range between 850 m3/s to 2265 m3/s, which 

translates into an attraction flow of 17 m3/s to 45 m3/s based this 1-2% criterion. The NOAA 

(National Oceanic and Atmospheric Administration) Fisheries fish passage criteria recommends 

fishway attraction flows be provided that are from 5 to 10% of the high design flows for the river 

in the vicinity of the entrance during migration season. For some instances, if the entrance were 

located close enough to the main flow in the watercourse, reduced attraction flows would be 

required. This range in attraction flow criterion supports that the attraction flow for fishway 

entrances is site specific to the flow conditions within each waterbody. 
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An auxiliary water system can supply supplementary water at the lower end of a fishway for 

additional flow for attraction when the entrance is in competition with high river flows and help 

maintain desired flow characteristics in the fishway.  It is common practice to either pipe 

additional water from the forebay directly to the fishway entrance, or pump extra water from the 

tailrace as these flows would probably result in velocity barriers within the fishway.  In the case 

of the former, a small turbine can be installed on the siphon to recover most of the energy lost 

through external provision of the attraction flow. 

 

It should be noted that regardless of the attraction flow, there may be other factors that are more 

important in attracting fish to a fish passage facility.  Fishway use by freshwater fish is primarily 

related to reproduction.  It is therefore not surprising that water temperature and discharge are 

the primary factors that trigger upstream movement of non-salmonid fish and their utilization of 

fish by-pass structures (Bunt et al. 2001). 

 

For any fish passage concepts identified as suitable for improving fish migration at the ICS the 

most suitable location for a fishway entrance would be adjacent to the downstream wingwall. By 

locating the fishway entrance adjacent to the wingwall, attraction flows would be mostly 

accomplished by the flow that passes through the ICS. As discussed above, an auxiliary water 

system can supply supplementary flow to the entrance, if required. Photo 4.1 shows the 

downstream side of the ICS when the gates are operated with the location of the fishway 

entrance shown schematically. The flow paths (shown in blue lines) and likely fish movement 

paths (shown in orange dashed lines) are shown in Photos 4.1 and 4.2, and show different 

perspectives views of the ICS when the gates are operated.  

 

Any fish migrating to the ICS would most likely swim along the shoreline towards the ICS and 

rest in the back eddies prior to attempting to swim through the structure towards the gates.  

Since the velocities in the ICS are greater than the swimming capabilities of the fish, they will 

not swim very far into the structure until they return to the back eddies to rest. Therefore by 

placing the fishway entrance adjacent to the wingwall, the fishway entrance will provide a 

location for the fish to avoid the high velocities instead of returning to the back eddies 

downstream. Once inside the entrance, the fish will be attracted to the flow passing through the 

fishway and will be able to proceed upstream through the fishway. 
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Photo 4.1 – Downstream Side of Inlet Control Structure when Gates are Operating 
 

 
 

Photo 4.2 – Inlet Control Structure when Gates are Operating 
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5.0 HYDRAULIC CONDITIONS AT THE INLET CONTROL STRUCTURE 
 

An assessment of the hydraulic conditions at the ICS was carried out for both active ICS 

operation (i.e. when the gates are operated) and inactive ICS operation (i.e. when both gates 

are in the lowered position). The results of this assessment provide an understanding of the 

flows, velocities, headwater levels, and tailwater levels that occur at the ICS throughout the 

year.  

 

The hydraulic assessment was based on the recorded flows and water levels at the following 

Water Survey of Canada (WSC): 

 

• 05OC021 – Red River above Floodway Control Structure (Water Level) 

• 05OC020 – Red River below Floodway Control Structure (Water Level) 

• 05OC017 – Red River Floodway near St. Norbert (Flow) 

• 05OC012 – Red River near Ste. Agathe (Flow) 

• 05OE011 – Seine River Diversion near Ile Des Chenes (Flow) 

• 05OE001 – Rat River near Otterburne (Flow) 

• 05OE010 – Marsh River near Otterburne (Flow) 

• 05OE009 – Tourond Creek near Tourond (Flow) 

 

The flow upstream of the ICS was considered as the sum of the recorded flows for the Red 

River at Ste. Agathe, the Tourond Creek, the Seine River Diversion, the Rat River, and the 

Marsh River. Lag time for the different creeks was ignored in the analysis since the travel time 

between each of these creeks and the Red River is considered to be less than a day. The flow 

through the ICS was estimated as the flows upstream of the ICS subtracted by the flow in the 

Red River Floodway.  

 

Active Operation of the Inlet Control Structure 

 

A series of graphs were prepared that illustrate the monthly duration curves of the flows, 

velocities, and water levels for the active operation of the ICS. These duration curves show the 

flow in the Red River through the ICS, the average velocity in the Red River downstream of the 
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ICS, the headwater and tailwater levels at the ICS, and the head differential across the 

structure. These graphs are provided in Appendix E for the months of April to July. Graphs were 

not prepared for the active operation in March and August since the percent of time that active 

operation has occurred in these months is quite low.  

 

As discussed in Section 2.4, the ICS gates have been operated to divert flows into the Floodway 

in 24 of 38 years (2 out of every three years) to protect the City of Winnipeg against spring 

flooding and in 3 years to protect against summer flooding. The average duration of each spring 

operation is 22 days with the minimum duration being 5 days and the longest duration being 53 

days. Table 5.1 shows a summary of the monthly frequencies of when the ICS gates have been 

operated.  

 
Table 5.1 – Summary of Active Operations of the Inlet Control Structure (1969 – 2006) 

Month Number of Days  
Gates Operated (3) 

Percent of Time  
Gates Operated (4) 

Average Number of 
Days per Month  
Gates Operated 

January 0 0.0 % 0 
February 0 0.0 % 0 

March 13 1.1 % 0 
April 345 30.3 % 9 
May 214 18.2 % 6 
June 66  5.8 % 2 
July 42 3.6 % 1 

August 4 0.3 % 0 
September 0 0.0 % 0 

October 0 0.0 % 0 
November 0 0.0 % 0 
December 0 0.0 % 0 

Notes:  (1) Data based on recorded flows from the Water Survey of Canada Gauge 05OC017 except for the 2006 data which is 
based on the Province of Manitoba's Daily Flood Forecast Reports  

(2) Number of days rounded to the nearest full day. 
(3) Number of days the gates have been operated since the ICS became operational in 1969. 
(4) Total percent of time or percent of days per month that the gates have been operated since the ICS became operational 

in 1969. 
 

When the gates are operated, the ICS is considered to be a barrier to fish movement 

through the structure. The velocities over the raised gates, the velocities through the 

structure, and the water level differential over the gates are too high for any of the target fish 

species identified in Section 3.0 to navigate. Photos 5.1 to 5.3 show typical flow conditions at 

the ICS during active operation of the gates. 
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Photo 5.1 – Inlet Control Structure During 1997 Flood (Q = 2 200 m3/s) 
 

 
Photo 5.2 – Inlet Control Structure During Summer 2005 Operation (Q = 1 340 m3/s) 
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Photo 5.3 – Inlet Control Structure During Spring 2004 Operation (Q = 1 470 m3/s) 
 

Inactive Operation of the Inlet Control Structure 

 

Similar to the active operation of the ICS, a series of graphs were prepared that illustrate the 

monthly duration curves of the flows, velocities, and water levels for the inactive operation. 

These duration curves show the flow in the Red River through the ICS, the average velocity 

through the ICS when the gates are down, the average velocity in the Red River downstream of 

the ICS, the headwater and tailwater levels at the ICS, and the head differential across the 

structure. These graphs are provided in Appendix F for each month of the year.  Photos 5.4 to 

5.7 show a range of flow conditions at the ICS during inactive operation of the gates. 
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Photo 5.4 – Upstream Side of the Inlet Control Structure During Inactive Operation - 

October 2006 (Q = 40 m3/s) 
 

 
Photo 5.5 – Downstream Side of the Inlet Control Structure During Inactive Operation - 

October 2006 (Q = 40 m3/s) 
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Photo 5.6 – Inlet Control Structure During Inactive Operation – July 2005 (Q = 490 m3/s) 
 

 
Photo 5.7 – Downstream Side of Inlet Control Structure During Inactive Operation – July 

2005 (Q = 490 m3/s) 
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The estimated velocities that occur through the ICS during inactive operation (i.e. when the 

gates are in their fully lowered position) for each month are shown in Figure 5.1. The curves 

presented in Figure 5.1 are based on the monthly duration curves provided in Appendix F and 

show the velocities that would occur in the ICS for a range of flow conditions (25, 50, 75, 90, 

and 99% of the time). For example, the average velocity through the ICS in May, during inactive 

operation, that would occur 50% of the time (i.e. not including the time the gates are raised as 

shown in Table 5.1) in May is approximately 1.45 m/s.  In other words, the velocity is less than 

or equal to 1.45 m/s for 50% of 82% of the total number of days in May. It is evident from this 

graph that the average velocities in the months of March, April, and May are the highest 

throughout the year and range from 0.8 m/s to 3.4 m/s. 
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Figure 5.1 – Average Water Velocities through the Inlet Control Structure During Inactive 

Operation 
 
 
The relationships shown in Figure 5.1 are based on the estimated average velocities through 

the ICS that have historically occurred. As noted in Section 2.6, during the Project Definition and 

Environmental Assessment (PDEA) stage of the Floodway Expansion Project it was determined 

that any fish migrating through the ICS were utilizing low velocity “corridors” along the bottom of 
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the abutments. These “corridors” are considered to be the areas at the floor level of the ICS 

along the abutment walls. The three-dimensional numerical modelling carried out during the 

PDEA studies, for flows of 600 m3/s and 1000 m3/s, showed that during periods of inactive 

operation the velocity through the “corridors” was significantly less than the average velocity 

through the structure. The results showed that when the flow through the ICS is 600 m3/s the 

average velocity through the ICS was estimated as 2.6 m/s and the velocity through these 

“corridors” was 1.1 m/s (42% of the average velocity). With a flow of 1000 m3/s, the average 

velocity was estimated as 3.0 m/s and the “corridor” velocity was estimated as 1.8 m/s (60% of 

the average velocity).  

 

From the results of the three-dimensional modelling, it can therefore be estimated that the 

magnitude of the velocity through these “corridors” is approximately 50% of the magnitude of 

the average velocity through the structure. Therefore in order to provide an estimate of the 

range of velocities that would occur through the “corridors” along the abutments of the ICS 

during inactive operations the relationships shown in Figure 5.1 were adjusted by a factor of 

50%.  The resulting velocities estimated through these “corridors” are shown in Figure 5.2.   
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Figure 5.2 – Water Velocities through the Corridors along the Abutments of the Inlet 

Control Structure During Inactive Operation 
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The adjustment factor used to develop the relationships in Figure 5.2 is based on the three-

dimensional numerical runs that were only simulated for two flow conditions and not a full range 

of flow conditions. To obtain a better understanding of the velocity conditions in the ICS, 

specifically the minimum velocities through the structure, additional three-dimensional numerical 

simulations would be required for a full range of flow conditions through the ICS if this project 

proceeds to the next phase of assessment. This three-dimensional modeling should be 

supplemented with velocity measurements during a range of flow conditions at the ICS.  
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6.0 FISH PASSAGE CONCEPTS 
 

6.1 CONCEPTS FOR FISH PASSAGE 
 

A number of concepts, listed below, were identified to improve fish passage at the ICS for both 

inactive and active operation, as well, the “do nothing” option was also considered in this 

assessment. Each of these concepts, described in the following subsections, was presented to 

the Fisheries Technical Experts Sub-Committee (Appendix G) for consideration of which of the 

concepts would be selected for further development. 

 

Inactive Operation 
 
• Roughness Features on ICS Floor/Wall  
• Removable Baffle Box Fishway 
• Modified Gate Operation 
• Riffles in the Red River 
 
 
Active Operation 
 
• Fishway Attached to the Gate 
• Trap and Transport 
• Fish Lift 
• Multi-Level Conduit Fishway 
• Structural Fishway through the East Dyke 
• Pool and Riffle Fishway to an Elevated Pool 
• Structural Fishway over the ICS Gate 
• Fishway at the Floodway Outlet Structure 
 

 
6.1.1 Roughness Features on ICS Floor/Wall 
  

This concept consists of the installation of roughness features or obstructions on the floor and or 

on the abutment walls of the ICS, as well as on the upstream face of the gate. Figure 6.1 shows 

a sketch of these obstructions. These obstructions would be placed in the “corridors” along the 

abutment walls and would act like a series of baffles that would provide a series of resting areas 

for fish when they are migrating through the ICS. This concept of fish passage would improve 

the hydraulic conditions that occur in the “corridors” along the abutment walls to improve fish 
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passage during inactive operation. This concept would not help to improve fish passage through 

the ICS during active operation, since these obstructions would not help to reduce either the 

head differential across the gates nor the high velocities over the gates. 

 

 
 
Figure 6.1 – Roughness Features in the Inlet Control Structure 
 

These obstructions would likely consist of concrete blocks anchored to the abutment walls and 

the floor staggered through one bay of the ICS. Roughness features located on the upstream 

face of the gate would consist of some form of retractable steel baffle. These steel baffles would 

retract flush to the surface of the gate so that the hydraulic conditions and loads on the gate 

would not be altered from their current condition when the gates are operated. Obstructions 

installed along the abutment wall at the floor level would consist of objects that divert flow away 

from the wall and create a dead flow area behind the structure. 



Conceptual Engineering Study for Fish Passage  FINAL REPORT  
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 66

During flood periods when the gates are operated the concrete blocks would potentially affect 

the hydraulics of the ICS. These obstructions could also be susceptible to damage from the 

intense hydraulic conditions on the downstream side of the gates, as well as damage from ice 

during the ice break-up period or debris loading during the open water season.  

 

This concept would have a relatively low construction cost. In addition, the obstructions could be 

installed / constructed during the winter season when water levels are low and any flow in the 

river could be diverted through the other bay. Since there is no operation required for this 

concept, the operation and maintenance cost are very low. If this alternative is selected for 

further development, detailed hydraulic analysis should be carried out to quantify the hydraulic 

impacts to the ICS.  

 

This concept would provide a low cost alternative to improve fish passage during inactive 

operation of the ICS that is relatively easy to implement and has low operation and maintenance 

costs. 

 

6.1.2 Removable Baffle Box Fishway 
  

The removable baffle box fishway would be a structural fishway that would be positioned 

against the abutment wall within one of the bays of the ICS as shown in Figure 6.2. This fishway 

would help to improve fish passage during inactive operation by providing a corridor of baffles 

through the ICS. The baffles in this removable box would most likely consist of either denil or 

slotted weir type baffles.  

 

This fishway would only be used when the gates are down, and it would be removed prior to the 

operation of the Floodway gates. Since the gates at the ICS are operated on average 2 of every 

3 years, this removable structure would add significant level of effort each time the gates are 

operated.  

 

The length of the baffle box structure would have to be such that it extends far enough upstream 

and downstream to be beyond the impassable areas of high velocities. However, the fishway 

entrance would have to be located within the area where the velocity would be sufficient for 

attracting the fish to the fishway.  
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The method proposed for installing and removing this fishway would be with a hoist system that 

would raise the fishway when the gates are operated and lower the structure when the gates 

are lowered in their chambers. The baffle box would have to have enough weight to remain in 

place or would require some form of restraining system so that it does not vibrate or lift out of 

the water as a result of the flows passing though the ICS. In addition to the structure being 

raised out of the water when the gates are operated, the structure would need to be raised 

during the winter months and in times of ice movement on the river to avoid damage to either 

the fishway or the ICS. This fishway would also be susceptible to damage from debris loading 

during the open-water season. 

 

 
Figure 6.2 – Removable Baffle Box Fishway 
 
The design of a system for raising and lowering of this fishway would be challenging to ensure 

that the hoist and guide systems function smoothly and would not have a tendency of jamming. 

Operational problems such as jamming would be unacceptable as this could lead to delays in 
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operating the Floodway gates. To protect against delays in operating the gates, a failsafe 

system would be built into the removable structure. 

 

The “baffle box” concept would have a low to moderate construction cost since a significant 

portion of the fabrication could be done off site. The installation of the box and hoist system 

would have to be done during the winter season when water levels are low and any flow in the 

river could be diverted through the other bay. Operation and maintenance costs would also be 

moderate to high for this fishway since the structure would have to be raised every winter and in 

two of every three springs.  

 

Although this concept of fish passage would provide a relatively low cost method of improving 

fish passage during inactive operations, there are many operational and maintenance concerns 

to be overcome with the implementation of this concept. The risk of a delay to operating the 

gates for flood control due to the fishway jamming when it is raised is of special concern. This 

concept of fish passage should only be considered for implementation if a hoist system can be 

designed that would minimize this risk of delayed operation of the gates. 

 

6.1.3 Modified Gate Operation 
  

The concept of modified gate operation for fish passage would involve the raising of only one 

gate while leaving the other gate in the lowered position. This type of operation would only be 

available as an option for improving fish passage for relatively small window between the time 

when the velocities through the ICS are too high for fish passage and when the gates are 

required for flood control.  

 

This method for improving fish passage at the ICS was reviewed at a cursory level during the 

PDEA phase of the Floodway Expansion Project (TetrES 2004). Three-dimensional numerical 

modeling was carried out to assess the velocity distribution through the ICS associated with a 

modified gate operation for flows of 1000 m3/s.  Figure 6.3 shows the resulting velocity 

distribution through both bays associated with the modified gate operation and demonstrates 

how the concept of raising one gate while leaving the other gate in the lowered position 

improves the flow conditions through the ICS.  
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Figure 6.3 – Velocity Distribution through the ICS for Modified Gate Operation         

(TetrES 2004) 
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When one gate is raised and the other is lowered, more flow will pass through the bay in which 

the gate not raised. As a result, the velocities through the bay that the gate is not raised will 

increase. Conversely, the velocities in the bay that the gate is raised will decrease. The flow 

over the tip of the gate will be at or near critical flow, and as will have higher velocities than 

upstream and downstream of the raised gate. These high local velocities can be overcome by 

the burst speed capability of the fish. This method of modified operation would allow for 

improved fish passage through one bay until either the velocity or the water level differential in 

the bay with the raised gate becomes too great for fish to navigate.  

 

This fishway concept has no construction costs, since it involves operating the existing 

infrastructure in a different fashion than what is currently done. A small increase would be 

experienced to the operation and maintenance costs currently associated with the ICS, since 

the modified operation of the gates would involve increased use of the gates which would lead 

to increased operation costs and may lead to increased maintenance costs. 

 

This concept of fish passage would improve the existing level of fish passage at the ICS with no 

construction costs and minimal operation and maintenance costs, with no risk to the integrity of 

the flood control infrastructure. However, this would only help to improve fish passage for a 

small percent of the time.  

 

6.1.4 Riffles in the Red River  
  

This concept for fish passage would consist of the construction of a two or three rock riffles 

spanning the width of the Red River downstream of the ICS as shown in Figure 6.4.  During 

high flow conditions these riffles would increase the water levels between the riffles and the ICS 

(i.e. increase the tailwater level at the structure).  

 

When the gates are not operated, the increased tailwater levels would result in an increased 

flow area through the ICS, which would reduce the water velocities in the ICS. These reduced 

velocities would improve the fish passage though the ICS. At higher flows during active 

operation, the riffles will increase the tailwater levels, reducing the head drop over the gate and 

the velocities downstream of the gate.  However, during inactive operation, these riffles will not 
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only increase the water levels at the ICS but also further upstream of the ICS, which could be a 

concern in terms of creating artificial flooding to private property owners upstream of the ICS.  

 

The riffles would be designed such that they would be submerged and would not interfere with 

navigation in the river. However, it is possible that they could not be designed to create the riffle 

pool effect at all flow conditions without affecting navigation in some way. In addition, they would 

have to be designed such that under normal flow conditions they minimize the increase in water 

levels upstream that could artificially flood the property upstream of the riffles. The riffles would 

have to be designed such that the hydraulic characteristics (i.e. flow conveyance) of the ICS 

would not be compromised.  

 

 
Figure 6.4 – Riffles in the Red River 
 

The riffles would be susceptible to potential damage from ice flows or other debris, which could 

alter the configuration of the riffles and potentially affect the performance of the riffles. This 

susceptibility to damage could result in an onerous maintenance program to monitor and repair 

the riffles to ensure that long-term performance is achieved. 
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This fishway concept would have relatively moderate construction costs and there would be no 

operation costs outside of maintenance. Maintenance to the riffles may be required and would 

depend on the level of damage that occurs from either debris or ice.  

 

This concept of fish passage is typically used for low head, fixed level dams that have a 

relatively small range of headwater and tailwater conditions which is not the situation at the ICS. 

This concept is therefore not the best suited for improving fish passage at the ICS. In addition, 

there would be concerns associated with navigation and increased water levels upstream of the 

riffles. 

 

6.1.5 Fishway Attached to Gate 
 

This concept consists of the installation of a baffle type structural fishway attached to the 

downstream side of one of the gates that would lower and rise with the gate as shown in 

Figures 6.5 and 6.6.  One end of this fishway structure would be attached to the gate with a 

hinge that would rotate as the gate is raised and lowered. The other end of the structure would 

be attached to a guide system attached to the abutment wall. This guide system would allow the 

fishway to travel with the rise of the gate. The baffles in this fishway would most likely consist of 

either denil or slotted weir type baffles.  

 

This concept could provide fish passage both during inactive and active operation of the ICS. 

Since the fishway structure would be attached to the downstream end of the gate, the fishway 

would not extend to the upstream end of the ICS. Therefore during inactive operation some 

other form of fish passage such as roughness features on the gate and in the upstream end of 

the ICS would likely also be required. During active operation of the ICS fish would exit the 

fishway in the location of the gate tip.  When the fish exit the fishway, they would likely swim 

down along the upstream face of the gate to avoid the high velocity water, however the distance 

from the gate tip to the upstream end of the ICS may have too high a velocity for the fish to 

navigate. Further detailed analysis would be required to determine both the velocity patterns 

and magnitudes associated with this concept as well as the expected success of this concept in 

improving fish passage. 
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Figure 6.5 – Fishway Attached to Gate – Inactive Operation 

 

The length of the structure would have to be such that the entrance to the fishway extends far 

enough downstream to be beyond the impassable areas of higher velocities. The fishway 

entrance, however, would have to be within the area where the velocity would be sufficient for 

attracting the fish to the fishway. Design and implementation of such a structure would be 

challenging to ensure that the entrance to the fishway is in an area in which the flow conditions 

would not be too turbulent and, therefore, result in conditions that would not attract fish the 

fishway entrance. 

 

Concerns associated with mechanical operation of the fishway structure would also need to be 

overcome. Since this fishway travels with the fall and rise of the gate, there is a relatively high 

risk of jamming or malfunction of the fishway system especially during periods with high 

turbulent flow conditions. Any type of malfunction, or failure, to the fishway mechanism, could 

result in damage to the gate, which would be unacceptable. Either failure of the fishway system 

or damage to the gate would result in a delay to the operation of the gates for flood control.  
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Figure 6.6 – Fishway Attached to Gate – Active Operation 
 

Since this fishway structure would be in the flow path throughout the year, it would be 

susceptible to damage from both ice during the ice break-up period or debris loading during the 

open water season.  

 

This alternative would have relatively moderate construction costs and no operating costs. 

Maintenance costs could be quite variable depending on the level of damage that this structure 

receives and the potential for damage to the gate itself.  

 

The alternative would have a number of design and operational challenges and concerns 

associated with it to minimize the risk of impacts to the flood control infrastructure and should 

only be considered if theses issues can be overcome. 
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6.1.6 Trap and Transport 
 

Fish passage using trap and transport is a conventional but labour intensive method. This 

alternative considers attracting fish to a collection chamber on the downstream side of the ICS. 

This collection chamber would have a one way fish gate, which would not allow fish to swim 

back to the Red River. Once the fish are in the collection chamber they would be transported to 

the upstream side of the ICS, usually by use of trucks equipped with tanks and water quality 

equipment. Figure 6.7 shows the trap and transport concept. Depending on the number of fish 

being collected in the collection chamber, the operation of transporting fish may be required 

multiple times per day (8-10 times) during the migration period. As noted in Section 3.3, TetrES 

(2004) concluded that over 5000 fish per day were migrating upstream past the ICS based on 

the DIDSON camera footage taken on April 30th and May 1st, 2004.  
 

This concept could expose the fish to significant stress as a result of the capture and transport 

process. As a result, it would be preferable to re-introduce the fish into the Red River some 

distance upstream of the ICS into an area of calm flow to ensure that the fish do not swim back 

through the structure. 

 

Although this alternative would be labour intensive it could be used for any flow and operating 

condition in which fish passage would be required. The capital costs for this concept would be 

moderate and would include the cost to construct the collection chamber, road access to the 

chamber and the purchase of a transpiration truck. The operation costs for this concept would 

include a two person crew trapping and transporting the fish over the duration of the period in 

which the ICS is judged to be a barrier to passage. 

 

The trap and transport concept is a proven method for providing fish passage, however, it is 

typically implemented at high head dams where other methods of fish passage are not practical. 

It could, however, be implemented as an emergency, short term, species specific means of fish 

passage, as long as a collection chamber of some form is constructed. 
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Figure 6.7 – Trap and Transport Concept 
 

6.1.7 Fish Lift 
 

Similar to the trap and transport method the fish lift would involve the construction of a collection 

chamber on the downstream side of the ICS with a one way fish gate. On a regular basis (every 

few hours) the collection chamber would be mechanically lifted up to the top of the structure and 

then emptied into a chute that would allow the fish to be conveyed upstream of the ICS into the 

Red River. Figures 6.8 and 6.9 illustrate the fish lift concept in plan and section. 

 

As an alternative to a mechanically lifted chamber, the fish lift could utilize a lock type system in 

which a gate closes at the bottom of the lift and water fills up the lift area until it flows into the 

chute. Once the water raises to the chute level, the fish could swim up the lift area into the 

chute.  

 



Conceptual Engineering Study for Fish Passage  FINAL REPORT  
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 77

This concept would have a moderate construction cost and a relatively high operational cost 

due to the regular operation of the lift.  

 

This alternative would allow for fish passage any flow and operating condition and is typically 

implemented at high head dams where other methods of fish passage are not practical. 

 

 
 
Figure 6.8 – Fish Lift Concept (Plan View) 
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Figure 6.9 – Fish Lift Concept (Section View) 
 
6.1.8 Multi-Level Conduit Fishway 
  

The multi-level conduit fishway would consist of a series of conduits that pass through the east 

dyke as shown in Figures 6.10 and 6.11.  Each of the conduits would be constructed at a 

different elevation and would have a number of baffles inside which to allow for fish resting 

areas through the conduit. The fish would enter into one of the conduits through a fishway 

entrance chamber on the downstream side of the ICS. 

 

The conduit that fish would utilize for upstream passage would depend on the headwater and 

tailwater level conditions. That is, if the headwater level were well above the lowest conduit and 

half way up the middle level conduit, the fish would most likely pass through the middle conduit, 

since the flow velocity through that conduit would lower. Similarly, the conduit that the fish would 

utilize would have to be below the tailwater level in the collection box. 
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Figure 6.10 – Multi-Level Conduit Fishway (Plan View) 
 

This type of fishway would have minimal operational considerations associated with it since 

each conduit would begin to pass flow when the water level upstream rises to the invert of each 

conduit. The entrance to the fishway would have the lowest conduit at the end of the collection 

box furthest from the river and the highest conduit closest to the river. Also the lower conduits 

will convey the highest flows further from the river, providing increased attraction flow to the 

fishway entrance when the flows in the river are higher.  

 

This concept would need to overcome concerns noted in Section 3.0, that certain species of fish 

would be unwilling and unable to swim through a long conduit. This concept, therefore, may limit 

the number of fish species that would utilize the fishway. 
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Figure 6.11 – Multi-Level Conduit Fishway (Section View) 
 

Since this alternative would involve the installation of conduits through the east dyke, dam 

safety issues would need to be addressed. To eliminate the potential for a failure of the dyke, a 

gate structure would likely be required on the upstream side of the ICS to close the fishway 

during extreme flood events. Both the gate structure and the conduits could be susceptible to 

both the collection and possibly damage from debris and ice. 

 

This alternative would have a high construction cost for the installation of a fishway entrance on 

the downstream side of the ICS, construction of four conduits through the dyke, and a gated 

headwall structure on the upstream side of the ICS. Although the fishway itself would require no 

operation, closing the gates during extreme flood events, and maintenance would result in 

moderate operation and maintenance costs. 
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This concept of fish passage should only be considered for implementation if it can be 

demonstrated that the system can be designed to eliminate the risk of failure to the flood control 

infrastructure. 

  

6.1.9 Structural Fishway through the East Dyke 
  

The structural fishway through the east dyke would consist of a vertical slot fishway through the 

east dyke as shown in Figure 6.12. The vertical slot fishway would be functional over the wide 

range of headwater and tailwater levels that occur at the ICS. This concept would require a 

large opening in the dyke for the fishway to pass through which would require a bridge over the 

fishway. 

 

 

 
Figure 6.12 – Structural Fishway Through the East Dyke 
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Since this alternative involves the installation of structure through the east dyke, dam safety 

issues associated with the integrity of the east dyke would need to be addressed. A gate 

structure could be implemented into the fishway headwall on the upstream side of the ICS to 

close the fishway that could be closed during extreme flood events. The gate structure and the 

conduits would be susceptible to both the collection and possibly damage from debris and ice. 

 

This concept would have a very high construction cost as it would involve a full height concrete 

structure through the dam, a bridge deck overtop of the structure, and gates on the upstream 

side of the dam. Operational costs would include the cleaning out of debris and operation of the 

gate structure during flood conditions. 

 

The structural fishway through the dyke is a very high cost alternative to improve fish passage 

at the ICS and this concept should only be considered for implementation if the system can be 

designed to eliminate the risk of failure to the flood control system. 

 

6.1.10 Pool and Riffle Fishway to an Elevated Pool 
  

This alternative would consist of a pool and riffle fishway on the downstream side of the ICS 

passing through the east dyke to an elevated pool as shown in Figure 6.13.  The fishway would 

pass through the dyke through a culvert or a channel with a bridge deck overtop. The elevated 

pool would be located on the upstream side of the ICS at an elevation that is above the 

maximum 700 year design still water level upstream of the ICS of El. 237.1 m.  The fishway 

would be connected to the river upstream of the ICS by means of either a chute or a series of 

cascading pools.  This concept of fish passage is a natural type of fishway by utilizing a natural 

pool and stone riffle configuration. Use of the stone riffles allows for minor adjustment to the 

system to obtain the optimum flow conditions for fish passage. 

 

Since the elevated pool would be above the water level, a pump system would be required to 

provide the required flow to the fishway. Water would be pumped from the upstream side of the 

ICS to the elevated pool, where it would flow both down the chute and down the pool and riffle 

fishway. 
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Since this fishway concept involves an opening through the east dyke, dam safety issues would 

need to be addressed. Since this opening is above the 700 year design water level, these 

concerns would be minimal. During extreme flood events, flow would not pass through the 

fishway since the opening in the dyke would be at an elevation above the maximum upstream 

water level.  

 

 
 
Figure 6.13 – Pool and Riffle Fishway to an Elevated Pool 
 

This alternative would have a moderate to high capital cost associated with the construction of 

fishway structure, the crossing beneath Courchaine Road, the mechanical and electrical 

component of the pump system. Operational costs associated with pumping water to the top of 

this fishway throughout the duration of its use would be high. 

 

This concept is the most natural type of fishway of the alternatives considered at the ICS. Pool 

and riffle fishways have been used extensively throughout North America, and there are many 
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examples (e.g. Rapid City Dam fishway, Birtle Dam fishway, Minnedosa Dam fishway) within 

Manitoba that have been successfully passing fish since they were implemented. 

 

6.1.11 Structural Fishway over the ICS Gate 
  

This alternative would consist of a structural fishway on the downstream side of the ICS passing 

through the east bay over the gate as shown in Figures 6.14 and 15. The top of the fishway 

would be located at an elevation above the maximum 700 year water level upstream of the ICS 

of El. 237.1 m.  The top of the fishway would discharge to an exit pool constructed in the bank of 

the river upstream of the ICS by means of a chute. This chute would pass fish from the fishway 

to the upstream side of the ICS. The fishway would most likely consist of vertical slot baffles. 

This type of structural system would not readily allow for minor adjustments after construction is 

completed which could be required to obtain the optimum flow conditions for fish passage. 

 

 
 
Figure 6.14 – Structural Fishway over the ICS Gate (Plan View) 
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Figure 6.15 – Structural Fishway over the ICS Gate (Section View) 
 

Since the top of the fishway would be above the water level, a pump system would be required 

to provide flow to the fishway. This system would discharge water from the upstream side of the 

ICS to the elevated section of the fishway, where the water would both flow down the chute and 

down fishway. 

 

This concept of fish passage would have a high capital cost associated with the construction of 

structural fishway and the mechanical and electrical component of the pump system. 

Operational costs for this concept would also be high, since water is required to be pumped to 

the top of this fishway throughout the duration of its use. 

 

This type of fishway has been used extensively in North America, with some examples in 

Manitoba. However, it is believed by some that these types of structure fishways have had 

limited success in Manitoba, (i.e. the structural fishway at the St. Andrews Lock and Dam). As 

noted in Section 3.0, some species of fish (e.g. walleye) do not respond well to structural type 

fishways. 
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6.1.12 Fishway at the Floodway Outlet Structure 
  

A fishway at the Floodway Outlet Structure would provide fish passage to the Floodway channel 

and the reach of the Red River upstream of the ICS. Once through the fishway at the Outlet 

Structure, the fish would have a navigable waterway to migrate back to the Red River upstream 

of the ICS, although they would have to swim through the 45 km Floodway channel to get to the 

Red River.  

 

The fishway at the Floodway Outlet structure could consist of either a pool and riffle or vertical 

slot fishway on the Northeast side of the structure similar (but smaller scale) to the alternatives 

described above. 

 

This alternative would not improve the fish migration upstream of the ICS for any of the fish 

species located in the Red River within the City of Winnipeg, but could provide passage for 

those species that are resident in the vicinity of the Red River at the Floodway Outlet. There is 

however, a level of uncertainty to whether the fish populations at the Floodway Outlet would 

migrate through the Floodway channel to the upstream reach of the Red or whether they would 

stay within the Floodway until the flood has passed. This concept could improve the fish 

populations utilizing the Floodway channel in the spring for spawning purposes, however, the 

Floodway Channel is designed as a flood control channel with an emphasis of eliminating fish 

habitat within the channel. 

 

The capital, operation, and maintenance costs associated with a fishway at the Floodway Outlet 

structure would be in the range of moderate to high depending on the type of fishway that was 

implemented in that location. 

 

This concept of fish passage would allow for the fish in the river downstream of the St. Andrews 

Lock and Dam to migrate into the Floodway channel. However, it is uncertain if these fish would 

migrate through the Floodway to the river upstream of the ICS with the likelihood of stranding 

them within the channel. Furthermore, this concept would also not improve the fish passage 

upstream of the ICS for the fish population in the City of Winnipeg downstream of the ICS. 
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6.1.13 “Do Nothing” Option 
  

The “do nothing” option would consist of not implementing any type of fish passage at the ICS, 

and accepting that the ICS would remain as a blockage to fish passage under high flow 

conditions.  

 

6.2 PREFERRED FISH PASSAGE CONCEPTS 
 

Each of the fish passage concepts identified and discussed in Section 6.1 were presented to the 

Fisheries Technical Experts Sub-Committee at a meeting to review and identify preferred fish 

passage concepts that merited further, more detailed assessment. As a basis for discussion at 

this meeting, a memorandum that described each alternative was prepared (Appendix G). 

Included in this memorandum was a summary comparison matrix that summarized key features, 

and concerns associated with each concept. This summary matrix is presented in Table 6.1 and 

includes the following information for each concept: 

 
• the ICS operation range in which each concept would be applicable (i.e. gate operation 

or no gate operation), 
 
• a comment on the opportunity for successful passage of fish, 
 
• a qualitative comment on the construction cost, 
 
• a qualitative comment on the operation and maintenance costs, 
 
• a comment on any specific operations that would be required for the fish passage 

concept, 
 
• a qualitative comment on the risk of the fish passage concept on the integrity of the flood 

control infrastructure, 
 
• a comment on the effects of the fish passage concept to the current operation of the 

ICS, and  
 
• a comment on any other relevant considerations. 
 
 
Also included in the summary matrix is a column at the far right, labelled resolution, that 

includes the comments related to each alternative that were discussed at the review meeting 

with the Fisheries Technical Experts Sub-Committee. 



Conceptual Engineering Study for Fish Passage  FINAL REPORT  
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 88

Following the meeting and review of the matrix, a number of concepts were identified by the 

Sub-Committee as preferred fish passage concepts that merited further, more detailed 

assessment. The preferred fish concepts and the rationale for their selection are listed below. 

 

• “Do Nothing” Option – This concept was selected since the level to which the ICS is a 
barrier to fish passage during inactive and active operations is uncertain. It is possible 
that the ICS is only a barrier to fish passage for a relatively small percentage of time and 
that this short-term barrier could have no significant impacts to the fish populations in the 
Red River.  

 
• Modified Gate Operation – This concept was selected since there will be a percentage 

of time in which fish passage at the ICS could be improved by modifying the operation 
mode of the existing infrastructure at the ICS (i.e. the gates). This concept has very little 
up front financial commitment required and would not affect the integrity of the flood 
control infrastructure. 

 
• Structures in the Inlet Control Structure with a Removable Fishway Component – 

This concept is a combination of the construction of roughness features on the concrete 
floor and wall of the ICS with a removable structure above the ICS gates. This concept 
was selected since it would provide a relatively low cost method to improve fish passage 
during inactive operation. It was also selected, since it would have the least impact to the 
integrity of the existing ICS and associated flood control infrastructure  

 
• Pool and Riffle Fishway to an Elevated Pool – Two configurations of the pool and 

riffle fishway concept were selected (1) a fishway that passes through the east dyke with 
a culvert structure, and (2) a fishway that passes through the existing opening in the ICS 
with a structural trough. This concept was identified as a preferred alternative since the 
pool and riffle fishway is the most natural type of fishway considered and it allows for 
minor adjustments to the system to obtain the optimum flow conditions for fish passage. 
These types of pool and riffle fishways have also proven to be very successful in 
Manitoba in the past.  

 
 
 

 

 



Conceptual Engineering Study for Fish Passage  FINAL REPORT 
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 
89

Table 6.1 – Summary Matrix of Potential Fish Passage Concepts to Improve Fish Passage at the Inlet Control Structure 
 

Operation Range 
Applicable Concept Concept Name 

Inactive 
Operation 

Active       
Operation 

Opportunity for Successful           
Fish Passage 

Construction   
Cost 

Operation & 
Maintenance    

Cost 
Required Operation            

of Fishway  

Risk to Integrity 
of Flood 
Control 

Infrastructure 

Effects of Fishway to 
Operations of Inlet 
Control Structure 

Other Considerations Resolution 

1 Roughness Features 
on ICS Floor/Wall   

Very positive as features would 
provide structure and resting locations 

through ICS. 
Low Low None Low Would affect hydraulics of 

ICS 

Roughness features could be 
susceptible to debris and/or ice 

damage. 
Merits further Development 

2 Removable Baffle 
Box Fishway   

Baffle box would have to be long 
enough to have the entrance and exit 
in areas where the velocities are not 

too high. 

Low  to 
Moderate Moderate 

Box would have to be removed 
when gates operated and for 

winter conditions.  
Low Would affect hydraulics in 

gate down only 

Difficult to operate and design to 
function effectively- susceptible to 

debris loads - issues with stability of 
box in flow. 

Tentative if previous concept #1 
not acceptable 

3 Modified Gate 
Operation   Velocities through bay without gate 

operation would likely be very high Very Low Very Low Varied operation of Inlet Control 
Structure gates High Varied operation of gates 

Velocities in ICS would be very high. 
Would likely need to complement with 

other concept (I.e. removable box / 
roughness features). Varied operation 
of gates could would initiate unbalance 

flow conditions on the gates. 

Could be applicable for early 
Floodway operation.  High 
velocities would likely be a 
barrier. This option may be 

applicable over a limited range of 
flow conditions. 

4 Fishway Attached to 
Gate *  Hydraulic conditions around structure 

could be too harsh for fish Moderate Low None Moderate Would affect hydraulics of 
Inlet Structure 

Vulnerable to debris / ice load. High 
velocities around fishway. Structure 
attached to gate could impart stress 

on gate. 

High risk to gate due to debris 
impact.  Relatively low chance for 

success due to downstream 
turbulence at entrance. 

5 Riffles in Red River   
Relatively low. May improve fish 

passage at the ICS, but could have 
fish passage issues at riffles 

Moderate Low None Low 

Could affect the hydraulics 
of the Inlet Structure by 

reducing flow conveyance 
by increase tailwater levels 

Would increase water levels upstream 
of the ICS. Could have navigation 

impacts. Riffles would be susceptible 
to damage from ice / debris. If riffles 
are damaged they will not function 

correctly. 

Not a good application for this 
structure.  Concerns due to 

navigation and upstream water 
level impacts. 

6 Trap and Transport *  Could impart stress to fish. Low  to 
Moderate High 

Transport of fish to upstream of 
structure and would have to 
provide some attraction flow 

within collection box. 

Low None Potentially stressful to fish, high 
operation costs. 

Well suited to high head 
applications where other options 

are limited. 

7 Fish Lift *  Long chute could impart some stress 
to fish. Moderate High 

Operation of fish lift, pumping of 
water to chute, and would have 
to provide some attraction flow 

within collection box. 

Low None High maintenance costs associated 
with lifting mechanism. 

Well suited to high head 
applications where other options 

are limited. 

8 Multi-level Conduit 
Fishway   

Could have trouble attracting fish 
under all range of flows and water 

levels - Conduits could be too long for 
fish 

High Moderate Would have to close fishway 
gates in major flood conditions High 

Would have to operate 
gates differently than 

currently to compensate for 
additional flow through 

fishway 

Significant impacts on the integrity of 
the dam, long conduits and high cost 

High costs and relatively high risk 
to the structure. 

9 
Structural Fishway 
through the East 
Dyke 

*  Acceptable Very High Moderate Would have to close fishway 
gates in major flood conditions High 

Would have to operate 
gates differently than 

currently to compensate for 
additional flow through 

fishway 

Significant impacts on the integrity of 
the dam, large structure with a high 

cost 

High costs and relatively high risk 
to the structure. 

10 
Pool and Riffle 
Fishway to an 
Elevated Pool 

*  

Very positive - most natural concept. 
Easy to modify after constructed (I.e. 
fine tune rocks in riffles for optimum 

fish passage) 

Moderate to 
High High 

Would require pumping of water 
elevated pool each time fishway 

is operated. Would have to 
close fishway gates in major 

flood conditions. 

Low None 
Most natural concept considered. Very 
flexible design for future "fine-tuning" 

modifications. 
Merits further Development 

11 Structural Fishway 
over the Gate *  Structural type fishway may not be 

attractive for all target species. High High 
Would require pumping of water 
elevated pool each time fishway 

is operated 
Low None 

Structural type fishway may not be 
attractive for all target species. 

Relatively high cost. 

Tentative if previous concept #10 
not acceptable.  More costly that 

#10 and less adaptable. 

12 
Fishway at the 
Floodway Outlet 
Structure 

  

Will not achieve fish passage of those 
fish within rivers in City, but may 
provide passage for those fish 

downstream of Lockport. Fish may not 
migrate through Floodway Channel. 

Moderate to 
High Low None Low None 

May contravenes Floodway Channel 
design criterion of minimizing fish and 

fish habitat within the Floodway 
Channel. 

Not acceptable to introduce fish 
into channel due to stranding 

potential.  Would have to be used 
in conjunction with ICS fishway 

13 "Do Nothing"   No improvement over current 
conditions. Very Low Very Low None Very Low None No improvement over current 

conditions. 

Barrier for significant percentage 
of flow conditions.  Passage 

measures required. 

Note: Check marks with asterisks show that the alternative could be used during inactive operation (i.e. without gate operation), but primarily for active operation (i.e. gate operation conditions). 
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7.0 CONCEPTUAL DESIGN OF PREFERRED FISH PASSAGE CONCEPTS 
 

7.1 GENERAL 
 

As discussed in Section 6.2, the fish passage concepts identified in Section 6.1 were reviewed 

with the Fisheries Technical Experts Sub-Committee and a number of concepts were identified 

as preferred fish passage concepts that merited further, more detailed assessment. These 

preferred alternatives, listed below, have been assessed in more detail and developed to a 

conceptual level design and are discussed in the following subsections: 

 

• “Do Nothing” Option 
 
• Modified Gate Operation 
 
• Structures in the Inlet Control Structure with a Removable Fishway Component  
 
• Pool and Riffle Fishway to an Elevated Pool 
 
 
7.2 “DO-NOTHING” ALTERNATIVE 
 

The “do nothing” option would consist of not implementing any type of fish passage at the ICS, 

and accepting that the ICS could remain as a blockage to fish passage under high flow 

conditions. The extent to which the ICS is estimated to be a barrier to fish is discussed below for 

both active and inactive operations of the ICS.   

 

Active Operation of the Inlet Control Structure 

 

As noted in Section 5.0, the ICS is considered to be a barrier to fish passage during periods of 

active ICS operation. The velocities over the raised gates, the velocities through the structure, 

the water level differential over the gates, and the turbulent flow conditions downstream of the 

gates are too high for any of the target fish species identified in Section 3.2 to navigate.  

 

The ICS gates have been operated to divert flows into the Floodway in 24 of 38 years (2 out of 

every three years) to protect the City of Winnipeg against spring flooding and in 3 years to 

protect against summer flooding. The average duration of each spring operation is 22 days with 
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the minimum duration being 5 days and the longest duration being 53 days. Table 2.1 and 

Figure 2.2 in Section 2.0 show the frequency and duration that the gates have historically been 

operated. The operations of the gates typically occur in the months of April and May, which 

coincides with the spawning windows for most of the target fish species. This duration of 

operation, for the most part, is relatively small compared to the total migration windows for the 

target fish species. A summary of the gate operators for the target fish species is shown in 

Table 7.1. However, there are also periods of time just prior to and after the active operation 

when the ICS could also act as a barrier to fish passage due to flow velocities through the 

structure exceeding the swimming capabilities of the target fish species. Further studies to 

determine the level of impact that the delay to fish migration associated with the historic 

frequency and duration of active operation has on the overall fish population both upstream and 

downstream of the ICS, should be carried out 
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Table 7.1 – Floodway Gate Operations for the Target Fish Species 
 
 

Number of Days Gates Operated 
During Migration Season Fish 

Species Spawning Season 
Approximate 

Number of Days in 
Spawning Season 

Number of Years Gates 
Operated 

(1969 – 2006) in 
Spawning Season Minimum Average Maximum

Channel Catfish late June to early July 14 3 of 38 2 7 14 

Freshwater Drum mid June to early July 23 3 of 38 3 13 22 

Goldeye early May to early June 31 9 of 38 4 15 31 

Lake Sturgeon late May to mid June 23 7 of 38 3 8 16 

Northern Pike April to early May 37 24 of 38 2 17 33 

Sauger mid May to early June 23 8 of 38 2 9 23 

Walleye late April to late May 31 14 of 38 2 18 31 

White Sucker May to mid June 46 16 of 38 1 14 39 
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Inactive Operation of the Inlet Control Structure 

 

There are also times when the ICS is a barrier to fish passage due to flow velocities through the 

structure exceeding the swimming capabilities of the target fish species. The maximum 

allowable water velocity criterion selected for use in this study was based on the swimming 

distance curves, discussed in Section 4.2. These criteria can be applied to estimate the percent 

of time that the ICS is likely a barrier to fish passage during periods of inactive operation. As 

noted in Section 4.2, the velocity criteria, based on the swimming distance curves, only provides 

an indication of the likelihood that the ICS is a barrier to fish passage. As illustrated in Figure 

4.1, the actual velocity in which a structure would be considered a barrier is not precise and 

depends on a number of different factors.  

 

One way in which fish would migrate through the ICS is by swimming through the entire length 

of the structure in the prolonged swimming mode. The length that the fish would have to swim 

through in this mode is approximately 40 m.  Based on the swimming distance curves, the 

maximum water velocity that each of the target fish species would be able to swim through the 

ICS in the prolonged swimming mode is summarized below. 

 

Fish Species Maximum Prolonged Swimming Speed 
(based on 40 m length of ICS) 

  
Channel Catfish 1.00 m/s 

Freshwater Drum 0.60 m/s 
Goldeye 0.70 m/s 

Lake Sturgeon > 1.20 m/s 
Northern Pike 0.75 m/s 

Sauger 0.75 m/s 
Walleye 0.80 m/s 

White Sucker 0.80 m/s 
 

The percent of time in which the ICS would likely be a barrier to fish passage during inactive 

operations can be determined by comparing the maximum prolonged swimming speed for each 

of the target fish species, shown above, to the estimated average velocities through the ICS.  

On this basis, Figure 7.1 shows the percent of time the ICS would be a barrier to fish passage 

for each of the target fish species for each month of the year. 
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Figure 7.1 – Percent of Time the Inlet Control Structure would Likely be a Barrier to Fish 

Passage During Inactive Operation based on Average Velocities through 
Structure 

 

The migration timing of the target fish species ranges from the beginning of April for Northern 

Pike to as late as late August for Freshwater Drum. Based on these assumptions, the ICS likely 

acts as a barrier to fish migration 40% to 70% of the time from April to July and 15% to 50% of 

the time in August. 

 

As noted in Section 5.0, fish were observed migrating through low velocity “corridors” along the 

bottom of the abutment walls and that the flow velocities through these “corridors” was 

estimated to be approximately 50% of the average velocity through the ICS. The range of 

velocities that would occur through these “corridors” along the abutments of the ICS during 

inactive operations the relationships was estimated and is shown Figure 5.2.  Using this 

Target Fish Species Spawning Seasons

Channel Catfish late June to early July
Freshwater Drum mid June to early July
Goldeye early May to early June
Lake Sturgeon late May to mid June
Northern Pike April to early May
Sauger mid May to early June
Walleye late April to late May
White Sucker May to mid June
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“corridor” criterion, the percent of time that the ICS would likely be a barrier to fish migration is 

shown in Figure 7.2. Based on these assumptions, the ICS would likely act as a barrier to fish 

migration up to 50% of the time from during the spawning season. 
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Figure 7.2 – Percent of Time the Corridors along the Abutments of the Inlet Control 

Structure would Likely be a Barrier to Fish Passage During Inactive 
Operation 

 

During the PDEA studies for the Floodway Expansion Project, an underwater acoustic imaging 

program was carried out in the spring of 2004 at the ICS using a DIDSON camera. The flow in 

the Red River through the ICS at the time the camera was deployed was approximately 440 

m3/s with average velocities through the ICS ranging from to 1-2 m/s.  The camera was located 

at two main positions over the east and west gates: just downstream of the east and west side 

bulkhead doorways and just upstream of the leading edge of the east and west gates. The 

Target Fish Species Spawning Seasons

Channel Catfish late June to early July
Freshwater Drum mid June to early July
Goldeye early May to early June
Lake Sturgeon late May to mid June
Northern Pike April to early May
Sauger mid May to early June
Walleye late April to late May
White Sucker May to mid June
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DIDSON camera footage showed that fish were utilizing a number of locations within the length 

of the ICS as resting spots: 

 

• the “corridor” at the floor level along the abutment walls, 

• a 15 cm high lip along the leading edge of the gate, 

• a 3 to 4 metre wide trough that exists along the downstream edge of the ICS, and 

• the water intake bulkhead doorways that are recessed in the sides of the abutments. 

 

Figure 7.3 shows the resting spots in the ICS through the “corridor” along the abutment. Since 

the fish migrating through the ICS were observed utilizing these locations as resting spots, it can 

be concluded that the fish are not swimming through the entire length in prolonged swimming 

mode, but are swimming in a combination of burst, prolonged, and sustained (resting) modes. It 

can therefore be concluded that the percent of time that the ICS acts as a barrier to fish 

passage would be less than that shown in Figure 7.2. 

 

 
 

Figure 7.3 – Resting Spots in ICS Identified by DIDSON Camera Footage 
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Active and Inactive Operation of the Inlet Control Structure 

 

To provide an overall measure of the percent of time that the ICS would likely be a barrier under 

both active and inactive operations of the ICS, the hydraulic conditions that would occur under 

both operations was assessed. Figure 7.4 shows the percent of time that the ICS would likely be 

a barrier to fish passage through out the year under all ICS operating conditions. Figure 7.4 was 

developed by combining the percent of time that the gates are operated (Table 5.1) and the 

percent of time that the corridors along the abutments would likely be a barrier to fish passage 

was combined (Figure 7.2). 
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Figure 7.4 – Percent of Time the Inlet Control Structure would Likely be a Barrier to Fish 

Passage During Active and Inactive Operations  
 

Target Fish Species Spawning Seasons

Channel Catfish late June to early July
Freshwater Drum mid June to early July
Goldeye early May to early June
Lake Sturgeon late May to mid June
Northern Pike April to early May
Sauger mid May to early June
Walleye late April to late May
White Sucker May to mid June
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The percent of time that the ICS would likely act as a barrier to fish passage for each of the 

target fish species during their respective spawning season, based on the information shown in 

Figure 7.4 is summarized below. 

 

• Channel Catfish    10% of the time 
• Freshwater Drum    46% of the time 
• Goldeye     55% of the time 
• Lake Sturgeon    14% of the time 
• Northern Pike    62% of the time 
• Sauger     44% of the time 
• Walleye     50% of the time 
• White Sucker    47% of the time 
 

 

As noted in Section 5.0, to obtain a more thorough understanding of the velocity conditions in 

the ICS, specifically the minimum velocities through the structure, additional three-dimensional 

numerical simulations would be required for a full range of flow conditions in combination with 

more site specific fish studies. This will allow for a more comprehensive assessment of the 

percent of time that the ICS would likely be a barrier to fish passage.  

 

7.3 MODIFIED GATE OPERATION 
 

The concept of modified gate operation to improve fish passage conditions at the ICS would 

involve the raising of only one gate while leaving the other gate in the lowered position. As 

discussed in Section 6.13, raising one gate while leaving the other gate in the lowered position 

will improve the flow conditions through the ICS, in terms of fish passage, by lowering the 

velocities through the bay with the gate raised. This method of modified operation would allow 

for improved fish passage through one bay until either the velocity or the water level differential 

in the bay with the raised gate becomes too great for fish to navigate.  

 

Modified gate operation will provide improved fish passage for an increased range of flows until 

the point at which one of two following hydraulic conditions exist.  

 

1. The velocity over the tip of the raised gate exceeds the burst velocity of the target fish 
species. 
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2. The velocity upstream and downstream of the raised gate exceeds the prolonged 
swimming speed of the target fish species. 

 
 
This method for improving fish passage at the ICS was reviewed at a cursory level during the 

PDEA phase of the Floodway Expansion Project (TetrES 2004). For that review, three-

dimensional numerical modeling was carried out to assess the velocity distribution through the 

ICS associated with a modified gate operation for a single flow event of 1000 m3/s.  The results 

of this modelling showed that, for this flow, modified gate operation could not improve the 

velocity conditions such that there was an improvement to fish passage through the ICS. It was 

however concluded that, based on the model results for this flow event (shown in Figure 6.3), 

that modified operation of the gates may be acceptable at lower flows.  

 

Additional three-dimensional numerical modeling has not been carried out to date, therefore to 

provide an indication of the range of flow conditions that modified gate operation could be used 

to improve fish passage at the ICS, a hydraulic assessment was carried out using a one-

dimensional model.  This one-dimensional numerical model was used to determine the average 

velocities through the ICS for a range of flow conditions that would exist with and without 

modified gate operation. The results of this assessment are shown in Table 7.2 for a range of 

flows from 85 m3/s to 285 m3/s. 

 

Using the results from the one-dimensional model, the maximum flow at which modified gate 

operation could improve the conditions for fish migration at the ICS can be estimated for each of 

the target fish species. This can be estimated by comparing the swimming performance of the 

fish to the velocity conditions in the ICS. As noted above, there are two conditions that would 

result in limiting fish passage during modified gate operation, the velocity over the gate tip and 

the velocity upstream and downstream of the raised gate. The flow at which the ICS would likely 

become a barrier would be the minimum flow causes either of the limiting conditions to occur. 

Comparing the maximum burst speed of a fish to the velocity over the gate tip will identify when 

the first limiting condition occurs and comparing the maximum prolonged swimming speed to 

the average velocity in the bay with the raised gate will identify when the second limiting 

condition occurs. In the bay that the gate is raised, the maximum distance that the fish would 

need to swim in the prolonged swimming mode is approximately 10 m, which is the distance 

from the gate tip to either the upstream or downstream end of the ICS.  
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The maximum estimated flow at which modified gate operation could likely improve fish 

migration through the ICS is shown in Table 7.3. To provide an indication of the benefit to 

improved fish passage associated with modified gate operation, the maximum flow at which the 

ICS would likely be a barrier to fish, based on an average velocity through the ICS, was 

determined and compared to the maximum flow at which modified gate operation could likely 

improve fish migration through the ICS.  This comparison was used to provide an estimate of 

percent of time that fish passage could be improved and was based on the reduction in time, on 

a daily basis, that the ICS would likely be a barrier to fish passage for the month of April. The 

percent increase in fish passage is relatively small for most of the target species, ranging from 

5% of the time to 12% of the time, with the exception of the two strongest swimming fish 

species, Lake Sturgeon and Channel Catfish that have increased fish passage more than 17% 

of the time.   

 

Using a one-dimensional numerical model to estimate the benefit to fish passage associated 

with modified gate operation is very difficult. As was shown in Section 5.0, the three-dimensional 

numerical modeling carried out in the Floodway Expansion Studies showed that there were 

areas within the ICS that have local velocities that are significantly lower than the average 

velocity that is estimated with a one-dimensional numerical model. Therefore, if this project 

proceeds to the next phase of assessment, additional three-dimensional modeling should be 

carried out to determine the velocity distribution in the ICS, over a range of flow conditions, 

associated with modified gate operation. This additional modeling will help to provide a better 

assessment of the benefit of modified gate operation. 
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Table 7.2 – Hydraulic Conditions for Modified Gate Operation 

Average Velocity (m/s) 
Flow Mode of 

Operation 
Tailwater 

Level 
(m) 

Headwater 
Level 
(m) 

Water Level 
Differential 

over ICS (m) 

Gate Tip 
Elevation 

(m) 

Depth of 
Flow over 
Gate (m) 

Bay with 
Gate 
Down 

Bay with 
Gate 

Raised 

Over Tip 
of Raised 

Gate 
Inactive 

Operation 233.72 233.72 0.00 n/a 1.82 0.7 n/a n/a 85 m3/s 
(3000 ft3/s) Modified Gate 

Operation 233.72 223.73 0.01 222.66 1.04 0.8 0.5 0.9 

Inactive 
Operation 223.91 223.91 0.00 n/a 2.00 0.8 n/a n/a 115 m3/s 

(4000 ft3/s) Modified Gate 
Operation 223.91 223.92 0.02 222.81 1.06 1.0 0.6 1.2 

Inactive 
Operation 223.94 223.94 0.00 n/a 2.02 1.0 n/a n/a 140 m3/s 

(5000 ft3/s) Modified Gate 
Operation 223.94 223.97 0.03 222.96 0.90 1.3 0.7 1.6 

Inactive 
Operation 224.10 224.10 0.00 n/a 2.18 1.1 n/a n/a 170 m3/s 

(6000 ft3/s) Modified Gate 
Operation 224.10 224.14 0.04 223.04 0.97 1.5 0.8 1.8 

Inactive 
Operation 224.20 224.20 0.00 n/a 2.27 1.3 n/a n/a 200 m3/s 

(7000 ft3/s) Modified Gate 
Operation 224.20 224.26 0.06 223.11 0.96 1.7 0.9 2.0 

Inactive 
Operation 224.30 224.30 0.00 n/a 2.37 1.4 n/a n/a 225 m3/s 

(8000 ft3/s) Modified Gate 
Operation 224.30 224.38 0.08 223.19 0.96 1.9 0.9 2.3 

Inactive 
Operation 224.50 224.50 0.00 n/a 2.57 1.4 n/a n/a 255 m3/s 

(9000 ft3/s) Modified Gate 
Operation 224.50 224.59 0.09 223.34 0.99 2.0 0.9 2.4 

Inactive 
Operation 224.70 224.70 0.00 n/a 2.76 1.5 n/a n/a 285 m3/s 

(10000 ft3/s) Modified Gate 
Operation 224.70 224.80 0.10 223.49 1.02 2.1 0.9 2.5 



Conceptual Engineering Study for Fish Passage  FINAL REPORT 
Red River Floodway Inlet Control Structure January, 2008 
Manitoba Floodway Authority  06-1100-01  
 
 

 
102

Table 7.3 – Maximum Flow that Modified Gate Operation will Improve Fish Migration  
 

Inactive Operation Modified Gate Operation 

Fish Species 
Prolonged 

Swimming Speed 
(42.5 m Length) 

(m/s) 

Maximum 
Flow ICS is 
Passable 

(m3/s) 

Prolonged 
Swimming Speed 

(10 m Length) 
(m/s) 

Burst 
Swimming 

Speed 
(m/s) 

Maximum Flow 
for Modified 

Gate Operation 
(m3/s) 

Increased Flow 
Magnitude that 
Fish Passage 

is Possible 
(m3/s) 

Percent 
Increase in 

Fish 
Passage ** 

Channel Catfish 1.00 140 1.30 3.20 > 285 > 145 > 17% 
Freshwater Drum 0.60 65 0.70 1.20 115 50 12% 

Goldeye 0.70 85 0.80 1.50 135 50 5% 
Lake Sturgeon > 1.20 185 > 1.30 > 3.20 > 285 > 100  > 10% 
Northern Pike 0.75 100 0.90 1.80 170 70 8% 

Sauger 0.75 100 0.90 1.80 170 70 8% 
Walleye 0.80 115 1.00 2.10 210 95 12% 

White Sucker 0.80 115 1.00 2.10 210 95 12% 
 
Note: ** The percent increase in fish passage provides an estimate of the percent of time that fish passage is improved, or in other words, the 

reduction in time, on a daily basis, that the ICS is a barrier to fish passage based on the daily flow duration curve for the month of April. 
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7.4 STRUCTURES IN THE INLET CONTROL STRUCTURE WITH A REMOVABLE 
 FISHWAY COMPONENT 
 
 
This alternative for the improvement of fish passage at the ICS consists of the installation of a 

number of fixed concrete structures or obstructions on the floor of the ICS along the bottom of 

the abutment wall in combination with a removable fishway structure that spans the ICS gates. 

This option would improve fish passage during inactive operation by providing a series of resting 

areas with dead flow zones along the length of the ICS. 

 

The design considerations, conceptual design fishway configuration, and estimated costs for 

this fishway concept are provided in the following sub-sections. 

 

7.4.1 Design Considerations 
 

The design considerations that were adopted for the development of this fish passage concept 

are: 

 

• Neither the fixed concrete obstructions nor the removable structure should interfere with 
operation of the ICS gates. 

  
• The fixed concrete obstructions should have minimal impact on the existing hydraulic 

conditions through the ICS during active operation of the ICS. That is, the fixed concrete 
obstructions will not result in hydraulic conditions that create adverse hydraulic 
conditions that will either reduce the flow conveyance capacity of the ICS or create 
conditions that would cause structural damage to the ICS. 

 
• The fixed concrete obstructions and the removable structure should be spaced such that 

they create a series of resting areas and burst zones for fish to use in their migration 
through the structure. 

 
• The removable fishway component must designed to function smoothly with no tendency 

to jam when it is being raised or lowered into position, such that delays to the operation 
of the flood control infrastructure are not encountered.  

 

7.4.2 Fishway Configuration 
 

This fishway concept includes a combination of regularly spaced fixed concrete structures or 

obstructions on the floor of the ICS along the bottom of the abutment wall with a removable 
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fishway structure that spans the ICS gates. Drawings No. 4 and No. 5 show the conceptual plan 

and section for this alternative.   

 

For purposes of the conceptual design, the fishway was situated along the east abutment wall; 

however, this concept could be located on along the east, west, or along both abutments. If this 

concept were to be implemented on only one side of the ICS construction of rock bars in the 

river channel downstream on the side of the fishway would help to attract an increased number 

of fish to approach from one side of the river rather than both sides. 

 

The configuration of each component of this alternative is described in the following 

subsections. 

 

Fixed Concrete Obstructions 

 

The fixed concrete obstructions would be anchored to the floor of the ICS and the abutment wall 

at regularly spaced intervals on the concrete areas of the ICS. The spacing of these 

obstructions will provide a series of “dead flow” zones and areas of high velocity. The “dead 

flow” zones will provide a resting location for fish between swimming in burst speed mode 

around the obstructions while migrating upstream. A spacing of 1.5 m (2.6 ft) has been selected 

for these obstructions and has been based on the distance downstream of an obstruction that it 

takes for the flow through the ICS to fully expand around the obstruction. 

 

The obstructions would be approximately 1.0 m tall, 1.0 m wide, and 0.5 m thick, as shown on 

Drawing No. 5, and will have a slightly tapered shape that will help to deflect the flow away from 

the “dead flow” zone behind the obstruction. The size of the obstructions was selected so that 

the they do not create adverse hydraulic conditions that would reduce the flow conveyance of 

the ICS, while still being large enough to provide a large enough resting area for a number of 

fish. 

 

The optimal spacing and sizing of the obstructions should be reviewed using more detailed 

hydraulic analyses such as three dimensional numerical modelling if this project proceeds to the 

next phase of assessment. 
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Removable Fishway Structure  

 

The removable fishway structure is essentially a three-dimensional steel truss that will span 

approximately 15.8 m (52 ft) across the gate. The truss design was selected to provide an 

economical structure that is relatively lightweight but has enough rigidity that it does not bind in 

the flow path. The truss will have 1.0 m by 1.0 m steel plates spaced at of 1.5 m (2.6 ft), the 

same spacing as was determined for the fixed concrete obstructions, to provide “dead zone” 

resting pools. The removable fishway structure is configured to move up and down on tracks 

that run vertically up the abutment wall. 

 

The removable fishway structure would be attached to vertical steel rails that will be mounted on 

the vertical concrete face of the abutment wall upstream and downstream of the gate area so 

that they do not interfere with gate operation. Four plastic brackets made of Ultra High 

Molecular Weight (UHMW) plastic will attach the removable fishway structure to the rails.  Cable 

hoists would be mounted underneath the bridge to raise and lower the riffle structure. The cable 

hoists would be designed to operate simultaneously, but also individually to allow the removable 

fishway structure to be straightened during lifting if the structure begins to bind in the guides 

during lifting or lowering. 

 

To guarantee that the fishway structure can be removed and not disrupt gate operation, the 

UHMW brackets will be attached to the removable fishway structure with lower strength shear 

bolts. This will ensure that the riffle structure can be removed even if it is jammed in place on 

the guides due to debris or uneven lifting. The hoists, rails, and fishway structure would be 

designed to be stronger than the shear bolts allowing the UHMW brackets break off and allow 

the fishway structure to be removed. These brackets would be inexpensive and readily 

replaceable. 

 

An additional measure to ensure that the riffle structure can reliably be removed would be to 

provide access to the hoist mechanisms via ladders or platforms so that the hoists can be 

serviced and repaired, or replaced as required. 
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7.4.3 Capital & Operational Cost Estimate 
 

The estimated costs for this fishway concept are summarized in Table 7.4.  These costs are 

based on our recent tendered contract prices associated with construction projects in the vicinity 

of Winnipeg, including the Floodway Expansion Project. The estimated annual operation and 

maintenance cost is based on the requirement to provide an operator to raise or lower this 

structure at the following times throughout the year: 

 

• each fall to remove the structure prior to ice formation on the river,  

• each spring after the ice has moved away from the ICS, and  

• in 2 of every 3 years when operation of the gates for flood control is required.  

 

There would also be a requirement to periodically clear the structure of any debris that 

accumulates throughout the year. The most likely method of clearing any debris would be by 

boat or small barge access through the ICS.  

 

Table 7.4 – Summary of Estimated Costs for Structures in the Inlet Control Structure 
with a Removable Fishway Component 

 

ITEM ESTIMATED 
COST 1 

CAPITAL COST  
Direct Costs 

Mobilization & Demobilization $ 20,000
Concrete Obstructions $ 40,000
Removable Fishway Component $ 40,000
Hoists & Electrical $ 30,000
Guide Tracks for Removable Fishway Component $ 20,000
Access Platforms $ 30,000
Care of Water (Cofferdams, Pumping, etc.) $ 40,000
Subtotal $ 220,000

Indirect Costs 
Owner’s cost, Engineering & Site Supervision (15% of Directs) $ 30,000
Environmental Permits & Approvals (10% of Directs) $ 20,000
Contingency  (30% of Directs) $ 70,000
Subtotal $ 120,000

TOTAL CAPITAL COST $ 340,000

Annual Operating & Maintenance Cost $ 20,000

Note: (1) estimated costs are rounded to the nearest $10,000. 
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7.5 POOL & RIFFLE FISHWAY TO AN ELEVATED POOL 
 

This alternative consists of a pool and riffle fishway situated on the downstream embankment 

slope of the east dyke that passes either through the east dyke to an elevated pool situated on 

the upstream embankment slope of the east dyke. The elevated pool would be connected to the 

Red River by means of a series of cascading pools. The elevated pool, or top of the fishway, 

would be situated at an elevation above maximum design water level upstream of the ICS. To 

accomplish this, the invert of the elevated pool would be set to elevation of 237.4 m.  Since the 

elevated pool would be above the water level upstream of the ICS, a pump system would be 

required to provide the required flow to the fishway. This pump system would pump water from 

the upstream side of the ICS to the elevated pool, where it would flow both down the pool and 

riffle fishway to the entrance and the cascading pools to the exit. 

 

Since there could be potential concerns with the installation of a culvert structure through the 

east dyke, even situated at an elevation above the maximum design water level upstream of the 

ICS, an alternate configuration has been considered. This alternate configuration would utilize a 

steel trough passing through the opening in the ICS below the bridge and above the gate. 

These two pool and riffle fishway configurations are shown on Drawings No. 6 to No. 9 and 

have been identified as Option 1 and Option 2 as noted below. 

 

• Option 1 – a  fishway that passes through the east dyke with a culvert structure,  
 
• Option 2 – a fishway that passes through the existing opening in the ICS with a structural 

trough.  
 
 
The design considerations, description of the fishway, and the estimated costs for each option 

of the pool and riffle fishway are provided in the following sub-sections. 

 

7.5.1 Design Considerations 
 

The design considerations for this pool and riffle fishway include: 
 
• The fishway should be functional for over a range of flood conditions, from a small flood 

when the gates are first operated to a large flood such as the 1997 flood (estimated as a 
100 year flood).  
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• The elevated pool should be at an elevation that is above the maximum design water 
level for the design flood event of the Floodway Expansion project so that the fishway 
has the potential to operate over a wide range of flood conditions and would not 
compromise the integrity of the Flood control infrastructure. 

 
• The geometry for the pools and riffles should follow the criteria developed by Manitoba 

Natural Resources (MNR, 1995) in terms of pool and riffle depths and spacing.  
 
• The electrical components required for the pump system should be situated above the 

maximum design water level for the design flood event of the Floodway Expansion 
project.  

 
 
7.5.2 Fishway Configuration 
 

Two configurations were developed for the pool and riffle fishway as shown on Drawings No. 6 

to No. 9. Both configurations include a pool and riffle fishway that ramps up the downstream 

east embankment slope to an elevated pool located on the upstream east embankment slope 

and a series of drops on the upstream slope that will provide fish access to the river from the 

elevated pool. The difference between the two configurations is that one fishway includes a 

culvert through the dyke (Option 1) and the other includes a steel trough that passes below the 

bridge through the east bay of the ICS (Option 2) as illustrated on Drawings No 6 to No. 9.  

 

The pool and riffle fishway was designed to be functional over a large range of Red River flow 

conditions from just prior to the initiation of the active operation of the ICS at a river level of 

227.0 m to a flood condition similar to that that occurred in 1997. The headwater level 

associated with a 1997 type flood is 235.2 m.  The fishway could be designed to be functional 

for flood conditions greater than the 100 year event, however, it would be expected that any 

available manpower and resources would be focused on flood control activities as opposed to 

flood activities associated with fish passage. 

 

Fishway Entrance  

 

The fishway entrance for the pool and riffle fishway was located adjacent to the downstream 

abutment wingwall on the east side of the ICS. Locating the fishway entrance in this location 
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would allow for the attraction of fish to the fishway to be provided by the flow passing through 

the ICS. The elevation of the fishway entrance was set at an elevation of 226.7 m, 0.3 m below 

the river level associated with the minimum river flow that the fishway would be operated.  

 

Since the fishway entrance would be situated at a low elevation relative to the banks of the river, 

concrete walls would be required on each side of the fishway. These concrete walls would be 

high enough to contain the fishway discharge during times of high tailwater the fishway entrance 

to remain adjacent to the high flow zone adjacent to the ICS.  

 

In periods of high tailwater levels, the discharge from the fishway entrance could be submerged 

by the high tailwater levels and as a result would not efficiently attract fish into the fishway. To 

enhance the attraction capabilities of the fishway during these periods, two design features 

could be incorporated into the fishway entrance; (1) an auxiliary water source such as a syphon 

constructed through the east dyke and connected to the fishway entrance to provide additional 

flow, and (2) a series of notches cut into the concrete wall on the north side of the fishway. The 

notches would be set at staggered elevations, so that different notches would act as the 

entrance to the fishway. Neither of these two design features has been included in the capital 

cost estimate, since these features should be investigated at a preliminary design phase to 

determine the best method to enhance attraction to the fishway during periods of high tailwater 

levels. 

 

Fishway Channel 

 

The fishway channel would consist of a series of pools and rock riffles in which the water level 

would be controlled by the height of the riffle. The pool lengths would typically be a minimum of 

3 m long with approximately an equal distance required for each riffle. The fishway channel 

would feature an 8 m top width “V-shaped” channel approximately 1.0 m deep with an overall 

slope 20H to 1V. The channel would be lined with gravel/cobble material approximately 75 mm 

in size with rock riffles constructed with riprap ranging in size from 200 mm to 300 mm.  

 

As noted above, the elevated pool would be situated at an elevation of 237.4 m, which is above 

maximum design water level upstream of the ICS and the fishway entrance would be situated at 

an elevation of 226.7 m.  The total elevation difference that this fishway would have to 
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overcome would be 10.7 m with a maximum water level drop of approximately 0.3 m across 

each riffle to enable fish to swim upstream. The fishway would consist of a minimum of 26 pool 

and riffle structures would be required over a minimum total length of 220 m.  

 

Typical pool and riffle fishway design has considered that fish migrate through a fishway in a 

burst and sustained swimming mode over each riffle. However, experience has shown that 

some fish will migrate through the fishway using their burst swimming mode to migrate over a 

number of riffles and then require a larger more calm velocity resting pool (pers. com. Newbury 

2006). Therefore, it might be beneficial to have a few longer pools, up to 10 m in length, along 

the fishway slope that would break up in the fishway into a couple of lengths. The location and 

sizing of these larger pools should be considered at the next stage of design. 

 

Steel Culvert through Courchaine Road (Option 1) 

 

The steel culvert that would be installed through Courchaine Road, for Option 1, would provide 

fish access to the elevated pool from the pool and riffle fishway. The culvert structure would be 

a similar type of structure that has been successfully used to connect the pool and riffle 

fishways at Rapid City Dam, Birtle Dam, and Minnedosa Dam to the rivers upstream of those 

dams. The culvert structure would be a 1.2 m diameter pipe approximately 30 m long. The end 

of the culvert at the elevated pool would consist of a 3 m high vertical half section of pipe 

complete with an orifice through the face plate. Channel sections or plates would be attached to 

the vertical section to allow for the installation of stoplogs to control the flow as required.  

 

Steel Trough through Inlet Control Structure (Option 2) 

 

The steel trough that would be installed through the east bay of the ICS, for Option 2, would 

provide fish access to the elevated pool from the pool and riffle fishway. The steel trough would 

be installed through the ICS below the bridge, but above the maximum water level that would be 

created with the gate fully raised. The trough would be steel structure about a 1 m by 1 m in size 

that has a clear lid. The clear lid will provide natural daylight to pass into the steel trough while 

keeping debris and other materials from falling into the trough from the roadway above. The 

trough would be installed to the side of the abutment wall through the ICS. Due to the weight of 

the steel trough, it would need to be supported on concrete support piles installed in the dyke. 
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The upstream end of the trough, at the elevated pool, would have a face plate attached with an 

orifice through it. Channel sections or plates would be attached to the face plate to allow for the 

installation of stoplogs to control the flow as required.  

 

Elevated Pool 

 

The elevated pool would be situated on the upstream side of the east dyke adjacent to the ICS. 

The invert elevation of the pool would be set at an elevation of 237.4 m, which is above the 

maximum design water level upstream of the ICS. This pool would be lined with gravel/cobble 

material approximately 75 mm in size. This pool will provide a location for the fish to before 

swimming down the cascading pools to the river. The outer sides of the pool would require a 

similar size of riprap protection that has been selected for the upgrades associated with the 

Floodway Expansion Project.  

 

Cascading Pools 

 

A series of cascading pools would be constructed to provide passage from the elevated pool to 

the river upstream of the ICS. These cascading pools would be constructed similar to the pools 

and riffles on the upstream side of this fishway, with a larger drop between pools. Since fish 

have a natural tendency to swim against the flow of water during the migration period, the larger 

elevation drop between pools is required to prevent the fish from turning around and swimming 

back up to the top of the fishway. 

 

If it was found that fish were not passing through this portion of the fishway a series of aerators 

could be installed in the pools. Introducing air into the water within the pools would result in the 

fish not being as buoyant and therefore they would sink to the bottom of the pool. When fish 

experience this phenomenon their first reaction is to leave that area of water.  

 

Fishway Pump System 

 

To operate the fishway a constant discharge must be delivered to the elevated pool. To do so a 

pump would be required to draw flow from the upstream side of the ICS to the elevated pool.  
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The pool and riffle fishway will be designed to be functional over a large range of Red River flow 

conditions, therefore the pump would need to supply a relatively constant flow to the elevated 

pool over a range of headwater levels. The range of total head that the pump would have to 

deliver flow is from 10.7 m during the minimum river flow to 2.2 m during the maximum river flow 

that the fishway would be operated.  

 

The pump selected to supply flow to the elevated pool would discharge flows ranging from 

0.7 m3/s to 0.9 m3/s over the range of headwater levels. Of the total flow supplied to the 

elevated pool, half of the flow would be conveyed through the pool and riffle fishway and the 

other half would pass through the cascading pools.  

 

Various types of pumps were considered including submersible top discharge dewatering 

pumps, sewage pumping station style side discharge submersible pumps and, propeller style 

vertical discharge pumps. To keep the system capital as well as long term operating costs to a 

minimum, the submersible propeller style pumps are proposed. These pumps eliminate the 

need for underwater piping, flanges and related piping accessories. Submersible propeller style 

pumps discharge flows vertically up the pump removal shaft of the pumping station and into a 

conduit that would convey the flow to the elevated pool.  

 

As an alternative to a permanent pumping station, a portable diesel pump could be used. 

However, for purposes of this conceptual design and capital costs estimate, a permanent station 

was considered as the most appropriate system  

 

In determining the best location for the water supply pump, various alternatives were 

considered. Installing a manhole style pumping station adjacent to the elevated pool at the top 

of the fishway was considered. The station would need to be supplied with water through an 

intake pipe from the river. It was, however, determined that it would be inappropriate to core into 

the side of the east dyke to provide this type of pumping station.  

 

To reduce the costs of a permanent pumping station, installing the pumps inside the centre pier 

of the ICS or inside the east abutment was also considered. These alternatives were rejected 

because there was insufficient room to lower submersible pumps at these locations without 

affecting the existing operation. 
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Installing the pumping station just south of the existing east abutment, between the abutment 

retaining wall and Courchaine Road, was also considered. This alternative was rejected due to 

the magnitude of excavation that would be required through the riprap and below the grade of 

the ICS. 

 

After consideration of these alternatives, the station was located on the south face of the east 

abutment retaining wall, as shown on Drawings No. 6 and No. 8. This configuration sets the 

pumping station away from the main channel and as close as possible to the fish ladder pond. 

An appropriate sized fish screen would be provided at the pumping station inlet. 

 

To protect the station from ice and river debris, a permanent concrete structure was considered 

for the purpose of the capital cost estimate. 

 

Access to the pumping station would be via a walkway from the east abutment. To install and 

remove the pumps, a dolly system would be used to transport the pump along the walkway. At 

the pumping station, a portable hoist would be used to lift the pump from the dolly and lower it 

into the station.  

 

The electrical loads associated with the pumping station are estimated at approximately 

200 KVA. This magnitude of load cannot be serviced from the existing electrical service of the 

ICS. It has therefore been assumed that Manitoba Hydro will extend their primary cabling from 

the two existing pad mount transformers on the west side of the ICS to a new pad mount 

transformer located on the east side of the ICS. An electrical room will be constructed to house 

the service entrance panel, the motor starter, and an alarm system. This electrical room will be 

located beside the transformer and above the maximum design water level for the design flood 

event of the Floodway Expansion project 

 

Recreational and Educational Opportunities 

 

There would be a number of recreational and educational opportunities that could be 

incorporated to the design of this fishway concept by developing an interpretative park centred 

on the fishway. This park could include aesthetic features such as interpretative signage, 

walkways along the fishway, a footbridge over the fishway, benches, tree plantings along the 
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slopes of the fishway, etc. Although this alternative would be the most favourable for the 

development of a park focussed on the fishway, recreational and educational opportunities 

could be realized for any fish passage option. 

 

These recreational and educational opportunities have not been considered in the conceptual 

designs shown in Drawings No. 6 to No.9.  The details of these types of opportunities would be 

developed in consultation with the various local fisheries interest groups. However, since it is 

anticipated that some form of recreational and educational opportunities would be built into the 

project, a cost allowance has been included in the capital cost estimate.   

 

7.5.3 Fishway Hydraulics 
 

The total flow that would be supplied to the fishway over the range of operating conditions is 

from 0.7 m3/s to 0.9 m3/s.  Of the total flow supplied to the elevated pool, half of the flow would 

be conveyed through the pool and riffle fishway and the other half would pass through the 

cascading pools. The hydraulic conditions in the each component of the fishway are 

summarized in Table 7.5. 

 

Table 7.5 – Summary of Hydraulic Conditions in the Pool and Riffle Fishway 
 

 Total Fishway Flow 
of 0.7 m3/s 

Total Fishway Flow 
of 0.9 m3/s 

Pool and Riffle Fishway   
Flow in Pool and Riffle 0.35 m3/s 0.45 m3/s 
Water Level Drop per Riffle  0.3 m 0.3 m 
Velocity in Pool 0.3 - 0.4 m/s 0.3 – 0.5 m/s 
Water Depth in Pool 0.6 – 0.7 m 0.6 – 0.7 m 
Velocity over Riffle 0.9 – 1.2 m/s 1.0 – 1.3 m/s 
Water Depth over Riffle 0.3 m 0.3 m 

Elevated Pool   
Water Depth in Pool 0.7 m 0.7 m 

Cascading Pools   
Flow in Cascading Pools 0.35 m3/s 0.45 m3/s 
Velocity in Pool 0.3 m/s 0.3 m/s 
Water Depth in Pool 0.6 m 0.6 m 
Water Level Drop per Pool 1.0 m 1.0 m 
Velocity over Drop 1.0 m/s 1.0 m/s 
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The velocities in the pools and over the riffles (shown in Table 7.5) are within the range of 

velocity criterion for each of the target fish species shown in Table 4.1.  Therefore, the pool and 

riffle fishway will provide acceptable conditions for all of the target fish species to migrate 

through. 

 

7.5.4 Capital & Operational Cost Estimate 
 

The estimated costs for both configurations of the pool and riffle fishway are summarized in 

Table 7.6 and 7.7. These costs are based on our recent tendered contract prices associated 

with construction projects in the vicinity of Winnipeg, including the Floodway Expansion Project. 

 

Table 7.6 – Summary of Estimated Costs for the Pool and Riffle Fishway 
Through the East Dyke (Option 1) 

 

ITEM ESTIMATED 
COST 

CAPITAL COST  
Direct Costs  

Mobilization & Demobilization $ 50,000
Fishway Channel Excavation and/or Fill Placement  $ 90,000
Fishway Channel Concrete Walls $ 1,260,000
Fishway Channel Rockfill and Riffle Rockfill $ 40,000
Fishway Concrete Transition Box $ 230,000
Culvert Through Road $ 50,000
Pump Station $ 420,000
Electrical (Supply & Infrastructure) $ 220,000
Recreational & Educational Opportunities  $ 50,000
Subtotal $ 2,410,000

Indirect Costs 
Owner’s cost, Engineering & Site Supervision (15% of Directs) $ 360,000
Environmental Permits & Approvals (10% of Directs) $ 240,000
Contingency  (30% of Directs) $ 720,000
Subtotal $ 1,320,000

TOTAL CAPITAL COST $ 3,730,000

Annual Operating & Maintenance Cost $40,000
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Table 7.7 – Summary of Estimated Costs for the Pool and Riffle Fishway   
Through the Inlet Control Structure (Option 2) 

 

ITEM ESTIMATED 
COST 

CAPITAL COST  
Direct Costs  

Mobilization & Demobilization $ 50,000
Fishway Channel Excavation and/or Fill Placement  $ 90,000
Fishway Channel Concrete Walls $ 1,260,000
Fishway Channel Rockfill and Riffle Rockfill $ 40,000
Fishway Concrete Transition Box $ 230,000
Steel Trough and Supports $ 260,000
Pump Station $ 420,000
Electrical (Supply & Infrastructure) $ 220,000
Recreational & Educational Opportunities  $ 50,000
Subtotal $ 2,620,000

Indirect Costs 
Owner’s cost, Engineering & Site Supervision (15% of Directs) $ 390,000
Environmental Permits & Approvals (10% of Directs) $ 260,000
Contingency  (30% of Directs) $ 790,000
Subtotal $ 1,440,000

TOTAL CAPITAL COST $ 4,060,000

Annual Operating & Maintenance Cost $ 40,000
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8.0 CONCLUSIONS & RECOMMENDATIONS 
 

8.1 CONCLUSIONS 
 

Based on the results of the study, the following conclusions are presented. 

 

• There are reported to be 62 native and non-native fish species in the Red River in 
Manitoba with the most abundant of these being channel catfish, sauger, goldeye, white 
sucker, freshwater drum. 

  
• For assessment of the fish habitat and life history characteristics, development of fish 

passage criteria, as well as the development of fish passage alternatives eight key 
species have been identified based on their economic, ecological and heritage values.  
These key species include channel catfish, walleye, sauger, northern pike, lake 
sturgeon, white sucker, goldeye, and freshwater drum.  

 
• Fish within the Red River system can be highly mobile.  Fish tagged in the vicinity of 

Winnipeg have been recaptured far south as Halstad, Minnesota (approximate distance 
of 412 km), and as far north as Dogwood Point on Lake Winnipeg (approximate distance 
of 246 km).  

 
• The majority of fish inhabiting the Red River spawn during spring or early summer. 

There is little information on the magnitude or geographical extent of spring migrations. 
 
• Acoustic telemetry studies on the Red River have provided some evidence of migratory 

patterns during certain times of the year for certain species.  However, many of the 
movements that have been observed are local or appear to be random.  Although there 
is some interchange, fish populations upstream and downstream of the St. Andrews 
Lock and Dam appear to be relatively discrete.   

 
• It has been estimated that as many as 5000 fish per day may attempt to move upstream 

past the ICS during spring.  Individual walleye, channel catfish and northern pike have 
been shown to repeatedly move upstream and downstream past the ICS during all 
seasons and at a range of flows when the ICS is not in active operation. 

 
• Studies conducted during active operation of the ICS during summer suggest that the 

structure may hinder some upstream movement of channel catfish and freshwater drum.  
The magnitude, purpose and importance of these upstream movements are uncertain.   

 
• There is little known about spawning locations within the Red River mainstem or the 

importance of habitat upstream of the ICS to fish inhabiting areas downstream of the 
ICS.   While fish habitat in the Red River mainstem is relatively uniform along most of its 
length, there are a few unique habitat features south of the ICS (e.g., large till-based 
rock outcrops forming swift riffle-type habitat near Ste. Agathe) that are not available in 
the River north of the ICS. 
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• There is little information on the historical abundance or movements of fish in the Red 
River prior to the establishment of instream barriers in the system (such as the St. 
Andrews Lock and Dam).   Extirpation of lake sturgeon in the Red River appeared to 
coincide with construction of many of the barriers in the early 1900s (as well as 
overfishing). Recent reintroductions of sturgeon into the Red River system and 
elimination of many instream barriers (particularly in the US) may elevate the importance 
of fish passage at the ICS.  The extent to which lake sturgeon recovery in the Red River 
will depend on movement past the ICS is uncertain. 

 
• Fish passage velocity criteria has been developed based on a number of different 

models for quantifying swimming performance of fish. These models include the size-
based model (swimming distance curves), the critical velocity model, and the 
assessment of water velocities in a number of Canadian fishway case studies. 

 
• Determination of the velocity at which a structure would act as a barrier to fish passage 

is not precise and depends on many factors. These factors would include the size of the 
fish, the willingness of the fish to swim to its maximum ability, water temperature, the 
characteristics of the structure the fish are navigating through, etc. 

 
• The ICS is considered to be a barrier to fish passage during periods of active operation 

(i.e. when the gates are raised), which occurs approximately two of every three years for 
an average duration of 22 days. The gates of the ICS are operated approximately 1% of 
the days in March; 30% of the days in April; 18% of the days in May; 6 % of the days in 
June; 4 % of the days in July; and less than 1% of the days in August, based on an 
assessment of the historic operations since 1969. 

 
• The results of the numerical modelling suggest that during periods of inactive operation 

(i.e. the gates are fully lowered), the average velocities through the ICS range from 0.3 
m/s to 3.2 m/s.  A lower velocity “corridor” along the floor of the ICS at the abutment 
exists where the velocities are estimated to be approximately half the magnitude of the 
average velocity through the structure. There are also a number of locations along the 
length of the ICS that can act as resting spots for migrating fish. 

 
• During periods of inactive operation the ICS would likely act as a barrier to fish passage 

for up to 50% of the time during the spawning season. 
 
• The ICS is considered to act as a barrier to fish passage during active and inactive 

operations for the following percent of time during the spawning seasons of each target 
fish species. 

 
• Channel Catfish  10% of the time 
• Freshwater Drum  46% of the time 
• Goldeye   55% of the time 
• Lake Sturgeon  14% of the time 
• Northern Pike  62% of the time 
• Sauger   44% of the time 
• Walleye   50% of the time 
• White Sucker  47% of the time 
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• In addition to the “do nothing” option, a number of alternatives were identified to improve 
fish passage at the ICS for both active and inactive operations. The alternatives 
identified include: 

 
Inactive Operation 
 
− Roughness Features on ICS Floor/Wall  
− Removable Baffle Box Fishway 
− Modified Gate Operation 
− Riffles in the Red River 
 
Active Operation 
 
− Fishway Attached to the Gate 
− Trap and Transport 
− Fish Lift 
− Multi-Level Conduit Fishway 
− Structural Fishway through the East Dyke 
− Pool and Riffle Fishway to an Elevated Pool 
− Structural Fishway over the ICS Gate 
− Fishway at the Floodway Outlet Structure 
 

• Four fish passage alternatives were identified as preferred alternatives that merit further, 
more detailed assessment at a conceptual design level. 
− “Do Nothing” Option 
− Modified Gate Operation 
− Structures in the Inlet Control Structure with a Removable Fishway Component  
− Pool and Riffle Fishway to an Elevated Pool 
 

•  Modified gate operation was shown to provide an improvement to fish for a relatively 
small percent of the time, ranging from 5% of the time to 17% of the time.  

 
• The estimated capital cost to implement the structures in the ICS with a Removable 

Fishway component is $340,000, with an estimated annual operating and maintenance 
cost of $20,000. 

 
 The estimated capital cost to implement Option 1 of the pool and riffle fishway is 
$3,730,000, with an estimated annual operating and maintenance cost of $40,000. 
 
 The estimated capital cost to implement Option 2 of the pool and riffle fishway is 
$4,060,000, with an estimated annual operating and maintenance cost of $40,000. 
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8.2 RECOMMENDATIONS 
 

Based on the results of the study, the following recommendations are presented. 
 
• Additional fisheries studies should be carried out to assess the effect of when the ICS 

acts as a barrier (degree, duration, frequency). Although it has been determined that the 
ICS is a barrier to fish passage during active operation, the significance of the effect on 
the fish population in the Red River, both upstream and downstream of the ICS, that this 
operation has is unknown.  

 
• Three-dimensional numerical modeling in combination with more velocity measurements 

should be completed for a full range of flow conditions. This additional assessment will 
allow for a more thorough understanding of the frequency at which the ICS would be a 
barrier to fish during inactive operation.  

 
• Additional fisheries studies should be carried out to assess the level of the effect on the 

fish population in the Red River, both upstream and downstream of the ICS, that results 
when the ICS acts as a barrier during inactive operation.  

 
• The preferred alternatives should be pursued to the next level of study if it is determined 

that a means of fish passage is required for either active and/or inactive operations. This 
next level of study should include an assessment of the benefits of the project to the 
costs of the project. 

  
• Three-dimensional modeling should be carried out to determine the velocity distribution 

through the ICS associated with modified gate operation for a full range of flow 
conditions.  
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APPENDIX A 
 

RED RIVER FISH SPECIES IN MANITOBA 



Appendix  A 
Red River fish species in Manitoba. 
 

Common Name Scientific Name Origin 
chestnut lamprey Ichthyomyzon castaneus Native 
silver lamprey Ichthyomyzon unicuspis Native 
lake sturgeon Acipenser fulvescens Native 
goldeye Hiodon alosoides Native 
mooneye Hiodon tergisus Native 
goldfish Carassis auratus Introduced 
spotfin shiner Cyprinella spiloptera Native 
carp Cyprinus carpio Introduced 
brassy minnow Hybognathus hankinsoni Native 
common shiner  Luxilus cornutus Native 
silver chub Macrhybopsis storeriana Native 
pearl dace Margariscus margarita Native 
golden shiner Notemigonus crysoleucas Native 
emerald shiner Notropis atherinoides Native 
river shiner Notropis blennius Native 
bigmouth shiner Notropis dorsalis Native 
spottail shiner  Notropis hudsonius Native 
sand shiner Notropis stramineus Native 
northern redbelly dace Phoxinus eos Native 
finescale dace Phoxinus neogaeus Native 
bluntnose minnow Pimephales notatus Native 
fathead minnow Pimephales promelas Native 
flathead chub Platygobio gracilis Native 
longnose dace Rhinichthys cataractae Native 
western blacknose dace Rhinichthys obtusus Native 
creek chub Semotilus atromaculatus Native 
quillback Carpiodes cyprinus Native 
white sucker Catostomus commersoni Native 
bigmouth buffalo Ictiobus cyprinellus Native 
silver redhorse Moxostoma anisurum Native 
golden redhorse Moxostoma erythrurum Native 
shorthead redhorse Moxostoma macrolepidotum Native 
black bullhead Ameiurus melas Native 
brown bullhead Ameiurus nebulosus Native 
channel catfish Ictalurus punctatus Native 
stonecat Noturus flavus Native 
tadpole madtom Noturus gyrinus Native 
northern pike Esox lucius Native 
central mudminnow Umbra limi Native 
rainbow smelt Osmerus mordax Introduced 
cisco Coregonus artedi Native 
lake whitefish Coregonus clupeaformis Native 
troutperch Percopsis omiscomaycus Native 
burbot Lota lota Native 
banded killfish Fundulus diaphanus Native 
brook stickleback Culaea inconstans Native 
white bass Morone chrysops Introduced 



rock bass Ambloplites rupestris Native 
bluegill Lepomis macrochirus Native 
smallmouth bass Micropterus dolomieu Introduced 
largemouth bass Micropterus salmoides Introduced 
white crappie Pomoxis annularis Native 
black crappie Pomoxis nigromaculatus Native 
Iowa darter Etheostoma exile Native 
johnny darter Etheostoma nigrum Native 
yellow perch Perca flavescens Native 
logperch Percina caprodes Native 
blackside darter Percina maculata Native 
river darter Percina shumardi Native 
sauger Sander canadensis Native 
walleye Sander vitreus Native 
freshwater drum Aplodinotus grunniens Native 
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APPENDIX B 
 

FISH SWIMMING PERFORMANCE OF SPECIES 
KNOWN TO RESIDE IN THE RED RIVER 



Appendix B 
Fish swimming performance of species known to reside in the Red River. 
 
 

Critical Velocity   Burst Speed  Prolonged Speed  Sustained Speed 
Common 
Name 

Scientific 
Name 

Temp 
(ºC) 

Length 
(cm) m/s bl/s 

Time 
Incr. 
(min) 

Velocity 
Incr. 
(m/s) 

 m/s bl/s Time 
(s)  m/s bl/s 

Time 
Incr. 
(min) 

Velocity 
Incr. 
(m/s) 

Time 
(min)  m/s bl/s Time 

(h) 
Comments Reference 

Bluegill Lepomis 
macrochirus 21 4.5-5.7          0.23 4.0-5.0 2-5 0.02-0.03 31-201      Osied & Smith 1972* 

  21 5.1-5.4          0.28 5.2-5.5 2-5 0.02-0.03 22-28      Osied & Smith 1972* 
  15 15.3       8.5 <1            Webb 1978** 
  15 6.4       15.8 <1            Webb 1986** 
Burbot Lota lota - 50                0.003 - 48  Malinin 1971* 
  7-12 12-62 0.36-0.41 0.7-3.0 10 0.1                Jones et al. 1974* 
Common 
carp 

Cyprinus 
carpio - 35.0      2.36 8.2 <1            Komarov 1971* 

  - -      - 5.2 -            Regnard 1893* 
  - 13.5          1.70 12.6 - - -      Gray 1953* 
  16-18 3.6-7.7 0.86-0.98 13.6-15.6    1.66 26.7 1            Zerrath 1996** 

  10/20 7-13  2.43/2.63     4.1             Heap & Goldspink 
1986** 

Channel 
catfish 

Ictalurus 
punctatus 15-35 14.0-15.4 0.32-0.61 2.1-4.2 20 0.06               Acute temperature 

exposure Hocutt 1973* 

Emerald 
shiner 

Notropis 
atherinoides 12 6.5 0.59 9.1 10 0.1                Jones et al. 1974* 

Fathead 
minnow 

Pimephales 
promelas 15 4.8          1.96 4.1 - - 3      MacLeod 1967* 

  15 5.5      0.85  <1            Webb 1982** 
  15 5.8       14 <1            Webb 1986** 
Flathead 
chub 

Platygobio 
gracillis 12-19 17-30 0.43-0.67 2.1-2.5 10 0.1                Jones et al. 1974* 

Goldeye Hiodon 
alsoides 12 22.5 0.6 2.7 10 0.1                Jones et al. 1974* 

Lake 
sturgeon 

Acipenser 
fulvescens 14 ≤15 0.26  10 0.05  0.5  <10        0.10    Scruton et al. 1998 

  7 23-55 0.36  10 0.05            0.24    Scruton et al. 1998 
  14 23-55      0.9          0.25    Scruton et al. 1998 
  21 23-55 0.43  10 0.05            0.40    Scruton et al. 1998 
  14 ≥100 0.97  10 0.05  1.8  <30        0.90    Scruton et al. 1998 
  15 15.7 0.39 2.45 2 0.05                Webb 1986** 
Largemouth 
bass 

Micropterus 
salmoides 15-35 5.2-6.4 0.31-0.50 5.2-8.1 20 0.06               Acute temperature 

exposure Hocutt 1973* 

  25 10.2 0.46 4.5 10 0.1                Farlinger & Beamish 
1977* 

  25 10.0 0.35 3.5 60 0.1                Farlinger & Beamish 
1977* 

  - 21.3          0.88 4.1 - - -      Magnan 1929* 
  20 5.7          0.19-0.31 3.3-5.4 - - 3      MacLeod 1967* 
  25 8.0-8.6          0.20-0.41 2.4-5.0 10 0.02 10     O2, 1-24 mg/l Dahlberg et al. 1968* 

  25 8.0-8.6          0.24-0.43 2.8-7.8 10 0.02 10     O2, 1.2-8.1; CO2, 3-
54 mg/l Dahlberg et al. 1968* 

  5-20 2.0-2.2          0.05-0.15 2.2-6.5 3 0.02 3     Acute temperature 
exposure 

Larimore & Duever 
1968* 

  5-25 2.0-2.2          0.05-0.17 2.3-7.8 3 0.02 3     Acute temperature 
exposure 

Larimore & Duever 
1968* 



Critical Velocity   Burst Speed  Prolonged Speed  Sustained Speed 
Common 
Name 

Scientific 
Name 

Temp 
(ºC) 

Length 
(cm) m/s bl/s 

Time 
Incr. 
(min) 

Velocity 
Incr. 
(m/s) 

 m/s bl/s Time 
(s)  m/s bl/s 

Time 
Incr. 
(min) 

Velocity 
Incr. 
(m/s) 

Time 
(min)  m/s bl/s Time 

(h) 
Comments Reference 

  10-30 2.0-2.2          0.07-0.24 3.3-10.1 3 0.02 3     Acute temperature 
exposure 

Larimore & Duever 
1968* 

  10-30 2.0-2.2          0.11-0.27 5.1-12.4 3 0.02 3     Acute temperature 
exposure 

Larimore & Duever 
1968* 

  10-30 2.0-2.2          0.09-0.29 3.6-13.0 3 0.02 3     Acute temperature 
exposure 

Larimore & Duever 
1968* 

  20-30 2.0-2.2          0.18-0.31 7.8-13.6 3 0.02 3     Acute temperature 
exposure 

Larimore & Duever 
1968* 

  10 15-27          0.24-0.55 1.6-2.0 30 0.1 30      Beamish 1970* 
  15 15-27          0.33-0.58 2.2 30 0.1 30      Beamish 1970* 
  20 15-27          0.45-0.63 2.3-3.0 30 0.1 30      Beamish 1970* 
  25 15-27          0.47-0.64 2.4-3.1 30 0.1 30      Beamish 1970* 
  30 15-27          0.48-0.66 2.4-3.2 30 0.1 30      Beamish 1970* 
  34 15-27          0.40-0.60 2.2-2.7 30 0.1 30      Beamish 1970* 

  25 14.2 0.48                   Farlinger & Beamish 
1978** 

  15 5.1       18.8             Webb 1986** 

  5 9.3-12.8 - 1.5-2.2 20 0.5 bl/s               Effect of photo-
period tested Kolok 1991 

  10 9.3-12.8 - 2.3-2.9 20 0.5 bl/s               Effect of photo-
period tested Kolok 1991 

  15-19 9.3-12.8 - 3.5-4.0 20 0.5 bl/s               Effect of photo-
period tested Kolok 1991 

Longnose 
sucker 

Catostomus 
catostomus 7-19 4-53 0.23-0.91 1.7-5.8 10 0.1                Jones et al. 1974* 

Northern pike Esox lucius 0.5 80                0.06 0.07 24  Poddubny et al. 1970* 
  - -      3.60-4.50 - -            Stringham 1924* 
  12 12-62 0.19-0.47 0.8-1.6 10 0.1                Jones et al. 1974* 
  - 16.5          2.10 12.7 - - -      Gray 1953* 
  - 37.8          1.48 3.9 17 - -      Magnan 1929* 

  18 42.5 2.97                   Ohlmer & 
Schwartzkopff 1959** 

  - 17-20      1.50-2.10 7.5-
12.5 -            Hertel 1966** 

  15 21.7       7.2 <1            Webb 1978** 

  - 38      3.97 8.2-
10.5 <1            Harper & Blake 

1991** 
  8-12 41.2      2.80-3.40  <1            Frith & Blake 1995** 
 Esox sp. - -      5.90-13.70 - -            Lane 1941* 

Pumpkinseed Lepomis 
gibbosus 20 12.7 0.37 3.0 60 0.06                Brett & Sutherland 

1965* 

Trout-perch Percopsis 
omiscomaycus 12 7.2 0.55 7.6 10 0.1                Jones et al. 1974* 

Walleye Stizostedion 
vitreum 19 8-38 0.38-0.84 2.2-4.7 10 0.1                Jones et al. 1974 

  13 0.7-1.5          0.01-0.05 0.7-3.3 - - 60      House 1969* 
  6-20 16-57      1.60-2.60 - -            Peake et al. 2000 
  6-20 18-67 0.30-0.73 - 60 0.1                Peake et al. 2000 
  6-20 18-67 0.43-1.14 - 10 0.1                Peake et al. 2000 

White sucker Catostomus 
commersoni 12-19 17-37 0.48-0.73 2.0-2.8 10 0.1                Jones et al. 1974* 

Yellow perch Perca 
flavescens 10 9.5 0.02-2.1 1.6-2.2 15 0.05                Otto & Rice 1974* 

  20 9.5 0.25-0.33 2.7-3.5 15 0.05                Otto & Rice 1974* 



Critical Velocity   Burst Speed  Prolonged Speed  Sustained Speed 
Common 
Name 

Scientific 
Name 

Temp 
(ºC) 

Length 
(cm) m/s bl/s 

Time 
Incr. 
(min) 

Velocity 
Incr. 
(m/s) 

 m/s bl/s Time 
(s)  m/s bl/s 

Time 
Incr. 
(min) 

Velocity 
Incr. 
(m/s) 

Time 
(min)  m/s bl/s Time 

(h) 
Comments Reference 

  20 9.5 0.34 3.5 15 0.05               Acute temperature 
exposure Otto & Rice 1974* 

  10 9.5 0.16 1.6 15 0.05               Acute temperature 
exposure Otto & Rice 1974* 

  15 15.5       7.4 <1            Webb 1978** 
  13 0.6-1.4          0.01-0.05 1.0-3.3 - - 60      Houde 1969* 

* as cited in Beamish 1978 
** as cited in Wolter and Arlinghaus 2003 
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CASE STUDIES OF UPSTREAM FISH PASSAGE BY  
NORTH-TEMPERATE NON-SALMONID FISH 

 



Appendix  C 
 
Case studies of upstream fish passage by north-temperate non-salmonid 
fish. 
 
Traditionally, fishways have been designed to pass salmonid species.  In order to provide 
a better understanding of the ability of north-temperate, non-salmonid species to move 
through fish passage facilties, several case studies were reviewed.  The studies focus on 
several of the key species (northern pike, several catostomid species, walleye, and 
goldeye) identified for consideration in assessing the need and criteria for upstream 
passage at the FICS. 
 
Case Study 1 - Lesser Slave River, Alberta 
 
Study Description: Schwalme et al. (1985) assessed the effectiveness of a vertical slot 
fishway and two Denil fishways built into a weir on the Lesser Slave River, Alberta, in 
passing various north-temperate non-salmonid fishes. 
 
Timing of Monitoring:  Monitoring began 12 May, 1984 until 25 June, 1984, during 
which time water temperature ranged between 9 and 18ºC.  Water levels throughout the 
study period were high, which allowed most fish to surmount the weir without using the 
fishway. 
 
Fishway Design:  The facility consisted of a combination of three different fishways that 
were located inside a corrugated steel enclosure with an overhead decking made of steel 
grates. The vertical slot fishway consisted of a series of six baffles each containing a tall, 
narrow slot through which water flowed and was 15.8 long, 4.5 m high and 2.3 m wide.  
The water flowed in a circular pattern through the bays and between the baffles, 
dissipating energy as it flowed.  The circular water movement was maintained in part by 
triangular-shaped deflectors located next to the vertical slots.  The two Denils consisted 
of a rectangular sloping trough (0.5 m wide and 1.2 m high) into which V-shaped bottom 
slotted baffles were inserted. The baffles allowed water to flow at high velocity near the 
surface, while creating turbulence at the bottom that slowed water velocity.  Both Denils 
contained a horizontal flume that was without baffles at the upstream end. The 20% slope 
Denil contained a resting pool and was much shorter (two 2 m long sections) than the 
10% slope Denil (8 m long).  Under non-flooded conditions, fish had about 3.0 m (i.e., 
six slots × 0.5 m) of high velocity flow to swim through in the vertical slot fishway and 
12.3 m in the Denils (including the flume and baffled portions).  
 
Water Velocity: Median daily water levels were used to calculate fishway water 
velocities from rating curves.  Average velocity in the flume of the 10% Denil ranged 
from 0.52 to 0.80 m/sec and in the 20% Denil from 0.75 to 1.13 m/sec. The median water 
velocity in the vertical slot fishway was 0.60 m/sec and in the weir was 0.75 (centre) and 
1.30 (side) m/sec. 
 



Results:  Thousands of spottail shiner, substantial numbers of northern pike, longnose 
sucker, white sucker, and yellow perch, and lesser numbers of burbot, lake whitefish, and 
trout-perch were able to ascend the fishways.  Most of the fish that used the fishways 
were represented by a large size range. Walleye and goldeye, though believe to be 
moving extensively in the river, did not use the fishways.   
 
Based on the number of fish caught in the fishway traps, northern pike seemed to have 
preference to ascend the Denil fishways, while the two sucker species (white and 
longnose) seemed to prefer to ascend the vertical slot.  The authors proposed that pike 
preferred to swim against the higher velocity flows in the Denil fishways because its 
predisposition to sprint swimming, as evidenced by the  abundance of anaerobic white 
muscle in its elongate, tubular body.  In contrast, sucker, which do not have the sprinting 
abilities of pike nor the aerobic work capacity of salmonids, may have found the higher 
water velocities of the Denil fishways too challenging.   
 
The authors speculated that walleye and goldeye may not have been attracted to the 
fishways because they preferred the higher velocity flows over the weir.  They also 
suggested that the absence of these two species from the fishway traps may have been 
indicative of a lack of motivation to travel upstream of the weir. 
 
Schwalme et al. (1985) concluded that the possibility that different species have 
preferences for certain fishways, may mean that a variety of several different fishways 
may be required for the most efficient passage of a wide variety of species.  
 
Case Study 2 - Fairford and Cowan Denil Fishways 
 
Study Description: Katopodis et al. (1991) assessed the Fairford and Cowan Denil 
fishways in Manitoba and Saskatchewan, respectively. 
 
Timing of Monitoring:  Fish movement through the Fairford fishway was assessed from 
6-28 May and 2-12 June, 1987, during which time water temperature ranged from 
approximately 10-22ºC and through the Cowan fishway from 27 April to 10 June, 1985, 
during which time water temperature ranged from approximately 5-17ºC. 
 
Fishway Design: Both fishways had a similar layout that consisted of three flumes 
equipped with planar baffles, two resting pools, and two vertical lift control gates.  The 
net passage width was 400 mm for the Cowan fishway and 300 mm for the Fariford 
fishway.  The fishway slopes for the upper flumes of each fishway were comparable 
(Fairford: 12.9%; Cowan: 12.6%), while the middle and lower flumes of the Fairford 
fishway (12.8 and 12.6%) were higher than the Cowan (10.0 and 1.0%).  All three flumes 
at the Cowan fishway were longer than the corresponding flumes of the Fairford 
fishways, as were the resting pools.   
 
Water Velocity: Estimated water velocities along the centerline were low near the 
bottom of each fishway (Fairford: 0.4-0.8 m/s; Cowan: 0.7-0.9 m/s) and high near the 
water surface (>1.3 m/s).   



 
 
Results:  Thirteen species (composed primarily of white sucker, walleye, and saugers) 
were able to successfully ascend the Fairford fishway, with fish ranging in size from 212 
mm (sauger) to 780 mm (common carp). Four species (white sucker, longnose sucker, 
northern pike, and walleye) used the Cowan fishway, and ranged from 250 mm (white 
sucker) to 800 mm (northern pike).   
 
No fish were observed to successfully ascend the Cowan fishway near the surface. Fish 
swimming near the surface would have faced much higher water velocities than at greater 
depths; water velocities at 60% of the depth were almost double those at 20%.   
 
Katopodis et al. (1991) concluded that though fish movements at both sites had likely 
been obstructed by dams for several decades, all species present in both river systems 
ascended the fishways readily.   
 
Case Study 3 - Mannheim Weir, Grand River, Ontario.   
 
Study Description:  Bunt et al. (2001) evaluated upstream movements of non-salmonid, 
warm-water fishes through two Denil fishways past a low-head weir, the Mannheim 
Weir, on the Grand River, Ontario.   
 
Fishway Design:  The west fishway was a 27 m long Denil that doubled back on itself 
twice and had three parallel channels along a 10% slope that were fitted with metal 
baffles spaced approximately 25 cm apart. There were two resting pools between the 
channels.  The east fishway was a much simpler and less expensive design and consisted 
of a single 11 m channel with baffles along a 20% slope.  All channels were 0.6 m wide, 
2.15 m deep and covered with removable steel plates.   
 
Water Velocity: Water velocities in the Denil fishways were low towards the bottom of 
each channel and increased upwards to the water surface, where a layer of fast, turbulent 
water existed.  The minimum velocities from the velocity curves were 0.24 m/s and 0.33 
m/s for the west and east fishways.  
 
Timing of Monitoring: Fish activity was monitored from approximately late-March to 
mid-July 1995-1997 when water temperatures increased from 8 to 25ºC.  
 
Results:  The authors noted seasonal species shifts from catostomids to cyprinids, to 
ictalurids, percids and then centrarchids as water temperatures increased from 8 to 25ºC 
in the Grand River.  White sucker and other sucker species (greater and golden redhorse) 
primarily used the fishways during May, at water velocities ranging from approximately 
0.20 to 1.00 m/s (water temperature was between 10 and 18ºC). Peak usage of the 
fishways by catfish species, brown bullhead and stonecat, occurred during June and 
early-July when water velocities in the fishway varied from 0.20 to 0.40 m/s and water 
temperature was between 15 and 25ºC.  The stonecats used the west fishway exclusively.  
Largemouth bass (which could be used as a surrogate for freshwater drum in the Red 



River) use of the fishways peaked during mid-June when the corresponding water 
velocities were between 0.20 and 0.40 m/s.  Water velocities associated with peak carp 
use of the fishways during mid-May and early-June were between 0.20 and 0.70 m/s. In 
contrast, some species, such as the common and striped shiner, demonstrated protracted 
use of the fishways. 
 
Bunt et al. (2001) also reported that the Mannheim fishways demonstrated size-
selectivity, which they related to species-specific critical swimming speeds and the ability 
of fish to maintain positions in high-velocity, turbulent flows.  The authors noted that 
several species, including white sucker and common shiner, using the west channel 
tended to be larger than those using the east channel; whereas larger individuals of 
species such as common carp and brown bullhead used the east channel. 
 
The authors noted a relationship between the water velocity and the swimming and 
position-holding abilities of several species.  Benthic species were found using the low 
velocities in the boundary layers along the fishway walls and floors, while small 
individuals that fit in the spaces between baffles used burst swimming to progress 
upstream from refuge to refuge.   
 
Bunt et al. (2001) concluded that although steeper fishways may have economic 
advantages, they may exclude many species or many individuals of a particular species 
and may reduce or shift the optimum window for passage. In particular, they found that 
steeper Denil fishways limited the use to individuals that were able to swim against very 
strong flows and/or individuals that exploited velocity refugia within the fishway. 
 
Case Study 4 - Didson Camera Assessment of the Red River 

Floodway Inlet Control Structure (FICS) 
 
Study Description:  TetrES (2004) assessed upstream movement of the Red River fish 
community through the Red River FICS using an acoustic camera as part of the proposed 
floodway expansion project environmental assessment. 
 
Fishway Design: The FICS consists of two 35 m wide, submersible gates that cause 
about a 50% constriction of the Red River. These gates are normally in the “down” 
position and in the summer, usually have about 2-3 m of water over them. The authors 
considered the FICS, when not in operation, as analogous to a culvert 30 m in length.  
During inactive operation, the gates of the CS are in the “down” position, which allows 
water to flow relatively unrestricted through the structure. When the gates are raised, part 
of the Red River’s flow is diverted through the Red River Floodway Channel.  During 
periods of active operation, the CS is predicted to be a barrier to upstream fish 
movement. 
 
Water Velocity: When the cameras were deployed in the spring during a period of 
inactive operation, high water velocities (1-2 m/s) were recorded through the centre of the 
CS gates. However, 3-D modeling suggested that water velocity down the sides and 
bottom of the sructure remain at about 1 m/s regardless of flow conditions in the Red 



River; as flow increases in the Red River these areas of lower velocity decrease in size. 
Average velocity in the outside corners of the Structure was estimated at 0.5 m/s.  During 
active operation, peak water velocities over the gates has been estimated through 3D 
modeling at over 8 m/s, well beyond the swimming capabilities of Red River fish. 
 
Timing of Monitoring: Fish activity was monitored for 9 hours at the East gate on April 
30, 2004, and for 6.5 hours at the West gate on May 1, 2004.  Water temperature was not 
recorded.  
 
Results:  The assessment found evidence of upstream fish movements by a number of 
species occurred during the period when the Inlet CS was not in use controlling 
Floodway utilization.  During inactive operation, the Inlet CS was not a barrier to all 
upstream fish movement, particularly channel catfish and northern pike (i.e., “large fish”) 
under most flow conditions. Note however, that one of the disadvantages of the Didson 
acoustic camera is that species identification from the video images is limited; although 
some fish could be identified to species based on size, and distinctive body shape and 
swimming characteristics (e.g., channel catfish and northern pike).  When the results of 
the field program were extrapolated to a standard 24-hour period, the data suggested that 
nearly 5,000 fish were potentially moving upstream through the structure each day during 
inactive operation (assuming after-dark movements were similar to observed daytime 
movements).  About half of the fish that were observed trying to traverse upstream 
through the structure failed.  However, the study was unable to determine how many of 
the fish eventually succeeded after multiple attempts.   
 
The authors noted that fish made use of micro-habitat features (i.e., fish appeared to 
pause in lower flow areas downstream of the leading and tail ends of the gate and in the 
“doorway”).  The outside corners appeared to be the most important areas used by fish 
moving upstream through the structure.  The authors also noted that different species 
often interacted to traverse the FICS (i.e., medium and smaller fish were often observed 
following the larger fish through the structure). 
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APPENDIX D 
 

RED RIVER FLOODWAY INLET CONTROL STRUCTURE  
FISH PASSAGE STUDY – DATA GAP ANALYSIS 



Appendix D – Red River Floodway Inlet Control Structure Fish Passage Study– Data Gap Analysis 
 

Species Data Type Known Data Data Gap Evaluation of Gap 
Populations • Channel catfish comprised approximately 26% of the large-bodied fish catch from the Red 

and Assiniboine rivers (Remnant et al. 2000).  
• The channel catfish population in the Red River is recognized as one of the best channel 

catfish fisheries in North America. 
• It has been suggested that there are more that one population of channel catfish in the Red 

River (Lebedev 1969 as cited in Clarke et al. 1980, Clarke et al. 1980) and that these 
populations are separated by movement patterns and by density dependent factors 
(Macdonald 1990).  

 

• The number of catfish in the Red River is unknown. 
• Suggestions that there are more than one population of 

channel catfish in the Red River are often based on 
contradictory information and are speculative.  The 
connectivity of channel catfish populations in the Red 
River remains uncertain.  

• Channel catfish comprise a relatively large 
proportion of the Red River fish population 
and are an important species for the 
recreational fishery.  Assessing the abundance 
of catfish in the river would be an extremely 
large undertaking.  Although knowing the 
absolute abundance of channel catfish in the 
Red River would be advantageous in assessing 
potential blockages, it is likely not necessary 
for determining whether fish passage is 
necessary. 

 

Channel 
Catfish 

Movements 
 

• Channel catfish are highly mobile in the Red River. Channel catfish tagged in the Red River 
near Winnipeg have been recaptured from as far south as Halstad, Minnesota (412 km 
south) and as far north as West Dogwood Point in Lake Winnipeg (246 km north) (Clarke et 
al. 1980).   Clarke et al. (1980) noted that channel catfish had the most extensive movement 
pattern of all fish species in the Red River. 

• From May to early July some channel catfish that overwinter south of Winnipeg will move 
downstream whereas some of those overwintering in Lake Winnipeg move upstream 
(Clarke et al. 1980). 

• Of all the catfish tagged by Clarke et al. (1980) within the City of Winnipeg, only those 
tagged in September were captured south of Winnipeg.  Some of these were recaptured in 
Winnipeg the following spring. 

• Recaptures of channel catfish tagged in the City of Winnipeg by Clarke et al. (1980) were 
twice as abundant downstream of the Floodway Inlet Control Structure than upstream.  

• It has been suggested that there are two elementary populations of channel catfish in the 
Red River (Lebedev 1969 as cited in Clarke et al 1980, Clarke et al 1980), each with 
different movement patterns.  One composed of larger individuals that overwinter and 
spawn as far upstream as Halstad, MN and spend the summer in the lower Red River.  The 
other composed of smaller catfish which move in from Lake Winnipeg to spawn during 
spring and returning back to the lake in the summer and fall to overwinter. 

• 10% of channel catfish tagged with Floy tags in the lower Red River by Macdonald in 1987 
and 1988 and recaptured (n=28), were recaptured south of the US border.  The three 
recaptures were all taken in spring of the year following tagging. 

• None of nine channel catfish tagged with acoustic transmitters in the lower Red River by 
Macdonald migrated upstream of Lockport.  

• Hesse et al. (1982) (as cited in Macdonald, 1990) noted that movements of channel catfish 
in the Missouri River were density dependent in response to needs for food or spawning 
habitat.  Most movements were spontaneous and there was no pattern to explain 
subpopulations with special migratory instincts. 

• Macdonald (1990) suggested that large catfish prefer the lower Red River and exclude 
intermediate sized catfish which may disperse upstream. Macdonald (1990) concluded that 
catfish recruited into the lower Red River fishery grow up in other parts of the watershed.   

• There are no data from the vicinity of the Floodway Inlet 
Control Structure to indicate whether catfish are moving 
upstream in this area during spring.  TetrES (2004) 
estimated that approximately 5000 fish per day were 
migrating upstream past the Floodway Inlet Control 
Structure during April 30 and May 1 2004.  Although it 
was surmised that northern pike and channel catfish 
comprised a proportion of the fish migrating upstream, 
the proportion of channel catfish was unknown. 

• There are no historical data regarding catfish movements 
in the Red River prior to construction of the Floodway 
Inlet Control Structure. 

• There is little known about the proportion of catfish that 
undertake specific movements in the Red River. 

• The function and importance of upstream movements 
during summer are also uncertain. 

• There is currently insufficient information to 
conclude whether upstream movements of 
channel catfish are being hindered by the 
Floodway Inlet Control Structure during 
spring. 

• There are no data to assess the historical 
importance of fish passage at the Floodway 
Inlet Control Structure.   

• While there is evidence that the inlet structure 
can block upstream movement of channel 
catfish during summer, the proportion of the 
population that is affected is difficult to 
determine. 

• The lack of understanding of the importance of 
upstream movements of channel catfish during 
summer makes it difficult to assess the 
ecological importance of ensuring upstream 
passage. 

• Although there are a number of uncertainties 
with regard to channel catfish movement, the 
Red River with its current movement 
constraints supports one of the best channel 
catfish fisheries in North America.   

 



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Channel 
Catfish 

Movements 
 

• In late spring the lower Red River population engages in a spawning movement into larger 
tributaries (Macdonald 1990, Willis 1994, Clarke et. al. 1980).   Movements can be in either 
an upstream or downstream direction (Stewart and Watkinson 2004). 

• Several authors (as cited in Macdonald 1990) have found that with the exception of 
movements into tributaries catfish movements are random.   

• Tyson (1996) found that channel catfish tended to reduce their tendency to move during 
flood events and during the winter.  During floods, catfish did not travel great distance in 
the Red River and confined their movements to localized lower energy area of the Red 
River such as the delta. 

• Tyson (1996) suggested that channel catfish behaviour and movements follow a 
temperature dependent model.  Downstream in early spring, upstream in spring and 
summer, downstream in fall, and dormant in winter. 

• Ken Stewart in TetrES (2004) noted a high density of channel catfish below the Floodway 
Inlet Control Structure during Floodway operation in July 2004.  He also noted that some of 
the males were emaciated and appeared to be in spawning condition.  However, he was not 
able to express any milt from captured fish. 

• Channel catfish density increased below the Floodway Control Structure during floodway 
operation in June and July 2005 (Graveline and MacDonell 2005).   The condition of 
channel catfish captured below the Inlet Control Structure did not change during June and 
July 2005.  None of the catfish encountered were in spawning condition.  The data 
suggested that some channel catfish in the Red River migrate upstream of Winnipeg during 
summer.    

• Some channel catfish are known to undergo extensive fall movements, presumably to 
overwintering areas (Clarke et al. 1980, Barth and Lawrence 2000). 

• Barth and Lawrence (2000) found that more than twice the number catfish tagged with 
acoustic transmitters moved downstream out of the Winnipeg area to overwinter (45%) than 
moved upstream (20%). 

• Barth and Lawrence (2000) found that 25% of channel catfish tagged near Winnipeg 
overwintered within the city limits.  No movement was observed by these catfish during 
winter.  Channel catfish dormancy during winter is well documented in the literature 
(Crawshaw 1984 as cited in Tyson 1996, Lubinsky 1984 as cited in Tyson 1996, Newcomb 
1989 as cited in Tyson 1996).  

• Based on Didson camera results, TetrES (2004) concluded that channel catfish were moving 
upstream through the Floodway Inlet Control Structure  

• Many of the channel catfish tagged near the confluence of the Seine River Diversion or La 
Salle River and the Red River during the ongoing Manitoba Floodway Authority Fish 
Movement Study showed only local movements during spring 2005. 

• Of 18 channel catfish caught from the Red River between St. Vital Park and St. Adolphe,  
implanted with acoustic transmitters and subsequently relocated during spring 2005 and/or 
2006, only five were known to have moved out of the area.  One moved to the vicinity of 
Netley Creek and the other four moved to the Assiniboine River. 

• In summer 2005 and 2006 several channel catfish made repeat trips from the area below the 
Floodway Inlet Control Structure upstream to above St. Adolphe and back downstream 
again.  More than half of the 31 catfish with acoustic transmitter moved through the 
Floodway Inlet Control Structure at some time.   

  



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Habitat • Channel catfish are typically found in the mainstem of the Red and Assiniboine rivers and 
offshore in Lake Winnipeg, and rarely in small tributaries (Stewart and Watkinson 2004, 
Koel 1997).  

• Habitat use by channel catfish in the lower Red River below Lockport is fairly well 
understood (Macdonald 1990).  

• Overwintering habitat is characterized by deep water with boulders or debris to provide 
shelter from current (McMahon and Terre 1982 as cited in Macdonald 1990). 

• Channel catfish have been observed to spawn over stretches of the Red River with gravel to 
rubble substrates with higher than average velocities (Stewart and Watkinson 2004). 

• Catfish spawn in secluded semi dark nests in holes, undercut banks, log jams or in rocks 
(Scott and Crossman 1973). 

Known spawning locations - 
• Tributaries and channels of the Netley-Libau Marsh (Macdonald 1990).   
• Netley Creek (MacDonald 1990) 
• Cook’s Creek (Tyson 1996) 
• Red river mainstem south of St. Agathe and at  Aubigny (Robert 1990-1991 as cited in 

Stewart and Watkinson 2004).   
• Although spawning is not confirmed, channel catfish have been reported moving into small 

tributaries and even drainage ditches in the Rat and Roseau River watersheds during the 
spring and early summer (Robert 1989-1991 as cited in Stewart and Watkinson 2004).   

• Importance of upstream tributaries for channel catfish 
spawning is unknown. 

• The degree to which catfish spawn in the Red River 
mainstem, the spawning locations and the frequency of 
spawning locations remains unknown.  

• The need for channel catfish overwintering in 
the vicinity of Winnipeg to access spawning 
areas upstream is unknown.  Consequently, the 
importance of providing channel catfish 
upstream passage at the Floodway Inlet 
Control Structure during spring is unknown. 

 

Spawning 
Period  

• Spawning season is late June to early July. 
• Spawning temperatures are approximately 21OC or higher. 

 
 

• Timing and temperatures for spawning in the Red River 
are primarily based on observations by Tyson (1996). 

• Although there is a fairly good understanding 
of spawning in the Red River, spawning has 
not been observed and exact timing is 
unknown. 

Channel 
Catfish 

Swimming 
Capability – 

• The critical swimming velocity (Ucrit20) for channel catfish with lengths between 14.0-15.4 
cm were determined in acute temperature exposure tests (15-35ºC) and were found to range 
from 0.32-0.61 m/s (Hocutt 1973 in Beamish 1978). 

 

• Swimming performance has not been determined for 
channel catfish within the size range of mature fish (> 50 
cm). 

• There is no information on the burst speed of this species. 
 

• Swimming capability can be estimated for 
species such as channel catfish that use the 
subcarangiform swimming mode based on fish 
length from swimming distance curves 
generated by Katopodis and Gervais (1991). 

• Species of catfish similar to channel catfish 
(e.g., brown bullhead, stonecat) have been 
documented to successfully ascending Denil 
fishways where water velocities are in the 
range of 0.2-1.2 m/s (Bunt et al. 2001). 

 

 
 
 



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Populations • Freshwater drum comprised approximately 6% of the large-bodied fish catch from the Red 
and Assiniboine rivers by Remnant et al. (2000). 

• Freshwater drum have the most extensive latitudinal distribution of all freshwater fish in 
North America.  The species is found from Guatemala to Hudson Bay. 

• The number of freshwater drum in the Red River is 
unknown. 

• Freshwater drum comprise a relatively large 
proportion of the Red River fish population 
and are an important species for the 
recreational fishery.  Assessing the abundance 
of drum in the river would be an extremely 
large undertaking.  Although knowing the 
absolute abundance of drum in the Red River 
would be advantageous in assessing potential 
blockages, it is likely not necessary for 
determining whether fish passage is necessary.   

Movement  
 

• Freshwater drum are highly mobile.  Drum tagged in the Red River near Winnipeg have 
been captured as far south as Drayton, North Dakota, and as far north as Rabbit Point in 
Lake Winnipeg (Clarke et al 1980).   

• Freshwater drum migrate upstream from late May to early July (Clarke et al. 1980).   
• It has been hypothesized that freshwater drum move upstream from Lake Winnipeg during 

the spring and early summer to spawn, and begin moving back downstream in late summer 
to overwinter in Lake Winnipeg (Clarke et al. 1980).  

• A late summer downstream migration was observed in the City of Winnipeg by Barth and 
Lawrence (2000)  

• Only one of 14 freshwater drum tagged with acoustic transmitters within the City of 
Winnipeg in August 1999 and tracked for until February 2000 migrated upstream past the 
Floodway Inlet Control Structure (Barth and Lawrence 2000). 

• Freshwater drum catches immediately downstream of the Floodway Inlet Control Structure 
from June through August 2005 were highest during the last two weeks of July (Graveline 
and MacDonell 2005). 

• Upstream movements of freshwater drum may have been impeded by operation of the 
Floodway Inlet Control Structure during operation in June and July 2005 (Graveline and 
MacDonell 2005).  

• Based on Didson camera results, TetrES (2004) concluded that over 5000 fish per day were 
migrating upstream past the Floodway Inlet Control Structure during April 30 and May 1 
2004.   It could not be determined whether freshwater drum were present. 

• Although freshwater drum are known to migrate to 
spawning areas during spring, there are no data from the 
vicinity of the Floodway Inlet Control Structure to 
indicate whether freshwater drum are migrating through 
this area during spring or if upstream movement is being 
hindered. 

• There are no historical data regarding freshwater drum 
movements in the Red River prior to construction of the 
Floodway Inlet Control Structure. 

• With the exception of the data from Barth and Lawrence 
(2000), there is little known about the proportion of 
freshwater drum that undertake specific movements in 
the Red River.    

 

• There is currently insufficient information to 
conclude whether upstream movements of 
freshwater drum are being hindered by the 
Floodway Inlet Control Structure during 
spring. 

• There are no data to assess the historical 
importance of fish passage at the Floodway 
Inlet Control Structure.   

• While there is evidence that the inlet structure 
can block upstream movement of freshwater 
drum during summer, the proportion of the 
population that is affected is difficult to 
determine. 

• The lack of understanding of the importance of 
upstream movements of freshwater drum 
during summer makes it difficult to assess the 
ecological importance of ensuring upstream 
passage.   

 

Freshwater 
Drum 

Habitat  • Freshwater drum inhabit lakes and river systems.   
• Within the Red River system, it is primarily found in mainstem and large tributary habitat 

(Koel and Peterka 1997). 
• Although spawning has never been observed, croaking males (a sound made presumably to 

attract females) have been seen and caught in water 3-4 m deep with current, over substrates 
ranging from silt and clay to rubble (Stewart and Watkinson 2004).   

Spawning Locations - 
• Exact locations in the Red River are unknown.  
 

• Importance of upstream mainstem habitat and tributaries 
is not known. 

• Exact spawning locations are not known. 
 

• Without understanding the importance of 
habitat upstream of the Floodway Inlet Control 
Structure to the freshwater drum population 
downstream, it is difficult to assess the 
importance of providing upstream passage at 
all times. 

• Known habitat preferences for spawning 
suggest that these fish may have access to 
suitable spawning habitat throughout the Red 
River system.  

• Without knowing exact spawning locations it is 
difficult to assess the need to provide upstream 
access past the Floodway Inlet Control 
Structure in all years.   



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Spawning 
Period  

• Spawning occurs from mid-June to early July at water temperatures of 20-23oC (Stewart and 
Watkinson 2004). 
 

• Although the data refer specifically to the Red River, 
spawning has not actually been seen. 

• The spawning window has been determined 
from observations of mature males in the Red 
River and should be relatively accurate. 

Freshwater 
Drum 

Swimming 
Capability  

• None 
 
 
 
 
 
 

• Swimming performance of freshwater drum has not been 
documented in the literature. 

• Species of fish similar to freshwater drum (e.g., 
largemouth bass) for which there are a large 
amount of data pertaining to swimming 
performance can be used to estimate this 
species’ swimming capacity. 

• Swimming capability can be estimated for 
species such as freshwater drum that may use 
the subcarangiform swimming mode based on 
length from swimming distance curves 
generated by Katopodis and Gervais (1991). 

Populations • Goldeye comprised approximately 11% of the large-bodied fish catch from the Red and 
Assiniboine rivers by Remnant et al. (2000).  

• In 2005, goldeye densities in the reach immediately downstream of the Floodway Inlet 
Control Structure were higher than in a reach located further upstream (Graveline and 
MacDonell 2005). 

• Goldeye catches in the Red River near the south end of Winnipeg between June and August 
2005 were highest between June 15 and July 29 (Graveline and MacDonell 2005).  

• The number of goldeye in the Red River is unknown. • Goldeye comprise a relatively large proportion 
of the Red River fish population and are an 
important species for the recreational fishery.  
Assessing the abundance of goldeye in the 
river would be an extremely large undertaking.  
Although knowing the absolute abundance of 
goldeye in the Red River would be 
advantageous in assessing potential blockages, 
it is likely not necessary for determining 
whether fish passage is necessary. 

Movement  • Goldeye adults move upstream in the spring to spawn after which some continue to move 
upstream (apparently to feed), and migrate downstream in the summer and fall to 
overwinter in lakes and rivers (Donald and Kooyman 1977 as cited in Clarke et al. 1980, 
Paterson 1966 as cited in Clarke et al. 1980, Reed 1962 as cited in Clarke et al. 1980, Scott 
and Crossman 1973).  

• Based on Didson camera results, TetrES (2004) concluded that over 5000 fish per day were 
migrating upstream past the Floodway Inlet Control Structure during April 30 and May 1 
2004.   It was not determined if goldeye were present. 

• Data collected during June and July 2005 provided no evidence that goldeye were being 
blocked from moving upstream during summer operation of the floodway (Graveline and 
MacDonell 3005).  

 

• Although goldeye are known to migrate upstream to 
spawning areas during spring, there are no data from the 
vicinity of the Floodway Inlet Control Structure to 
indicate whether goldeye are migrating through this area 
during spring or if upstream movement is being hindered. 

• There are no historical data regarding goldeye 
movements in the Red River prior to construction of the 
Floodway Inlet Control Structure. 

• There is limited information on individual goldeye 
movements in relation to the Floodway Inlet Control 
Structure. 

• There is little understanding of the range of goldeye in 
the Red River mainstem.   

• There is currently insufficient information to 
conclude whether upstream movements of 
goldeye are being hindered by the Floodway 
Inlet Control Structure during spring. 

• There are no data to assess the historical 
importance of fish passage at the Floodway 
Inlet Control Structure.   

• The lack of understanding of goldeye 
movements in the Red River makes it difficult 
to assess the ecological importance of ensuring 
upstream passage at various times of the year.   

 

Goldeye 

Habitat  • Goldeye inhabit medium to large lakes and river systems. 
• Goldeye are found almost exclusively within main channel of the Red River and in the 

lowest portions of the tributaries (Koel and Peterka 1997).  It is not found in headwater 
streams or smaller tributaries.    

• Some goldeye overwinter in the Red River (Remnant et al 2000, TetrES Consultants Inc. 
1992).  

Spawning Locations – 
• Spawning occurs in turbid rivers and probably at night, but has never been observed (Scott 

and Crossman 1973). 
• Exact locations in the Red River are unknown  
• Janusz and O’Connor (1985) surmised that goldeye spawned in the Netley-Libau marsh.   

• Very little is known about the relative importance of 
mainstem and tributary habitat upstream of the Floodway 
Inlet Control Structure in relation to goldeye that 
overwinter downstream of the structure.   

• Without understand the importance of 
spawning habitat upstream of the Control 
Structure it is difficult to assess whether 
upstream passage is needed for this species. 



 
 

Species Data Type Known Data Data Gap Evaluation of Gap 
Spawning 
Period 

•  Spawning season – early May through June 
• Stewart and Watkinson (2004) suggest that spawning occurs before mid May. 
• Scott and Crossman (1973) suggest spawning occurs at 10-13oC. 

• Little is known about the timing and duration of goldeye 
spawning in the Red River. 

• Without more detailed information on the 
goldeye spawning period, it will be difficult to 
select a timing window for fish passage for this 
species.  

Goldeye 

Swimming 
Capability  

• Jones et al. (1974) reported the mean critical velocity (Ucrit10) for goldeye with a mean 
length of 22.5 cm at a temperature of 12ºC to be 0.60 m/s. 

 
 
 
 
 

• There is no information on the burst speed of this species. 
• The reasons why goldeye were not observed ascending 

Denil or vertical fishways despite making extensive 
movements in the river are unclear (Schwalme et al. 
1985). 

 

• Burst speed can be estimated for species such 
as goldeye that use the subcarangiform 
swimming mode based on fish length from 
swimming distance curves generated by 
Katopodis and Gervais (1991). 

Populations • Lake sturgeon were historically abundant in the Red River and Lake Winnipeg, and were 
known to occur in upper Red River tributaries. 

• A 184 kg lake sturgeon was captured in the Roseau River in 1903. 
• Lake sturgeon were considered virtually extirpated from the Red River by the mid 20th 

century.  However, incidental catches of adults have occurred below Lockport to the present 
day. 

• Lake sturgeon have recently been stocked into the Red Lake River and Ottertail River 
systems in Minnesota and into the Assiniboine River in Manitoba. 

• In the last four or five years these stocked fish have begun to show up in the lower Red 
River and Lake Winnipeg. 

• Lake sturgeon currently comprise a very small portion of the Red River fish population (0% 
of the catch by Remnant et al. 2000, and 0.3% of the catch by Graveline and MacDonell 
2005). 

• Two juvenile lake sturgeon were captured below the Floodway Inlet Control Structure 
during June 2005 (Graveline and MacDonell 2005). 

 • There is strong evidence that the lake sturgeon 
population within the Red River is increasing 
as a result of stocking efforts.  However, it is 
uncertain at this time the extent to which the 
lake sturgeon population will recover in the 
Red River. 

Lake 
Sturgeon 

Movement  • Lake sturgeon migrate upstream in spring to spawn (Stewart and Watkinson 2004). 
• Lake sturgeon will begin to congregate below spawning areas immediately after ice-out 

(MacDonell 1997).  
• Historically sturgeon must have migrated long distances to spawn in tributaries and low 

gradient rivers such as the Red River.  The 1799-1814 journal entries of Alexander Henry 
(Henry and Thompson 1897) and a 1903 record of sturgeon in the Roseau River (Waddell, 
1970) provide evidence of upstream abundance and distribution of sturgeon (as cited in 
Stewart and Watkinson, 2004). 

• Auer (1996) stated that lake sturgeon are believed to return to their birthplace to spawn and 
fidelity to such areas is thought to be high. 

• However, some lake sturgeon will use different spawning locations during successive 
spawning seasons (Lyons and Kempinger 1992). 

• Barriers to fish passage are thought to be the most significant obstacle to the restoration of 
lake sturgeon populations (Breining 2003).   

• Because the Red River lake sturgeon population is 
almost entirely composed of juveniles, the primary 
dispersal pattern that has been documented has been in a 
downstream direction.  The propensity for the juvenile 
sturgeon to move upstream in the Red River remains 
unknown. 

• Spawning migrations have not been established nor have 
dispersal patterns for adult sturgeon. 

• Although there are some historical data on sturgeon in the 
Red River, there is little understanding of extent and 
timing of historical movements in the Red River.  

• The need to pass sturgeon upstream at all times 
of the year is currently uncertain because of the 
current age distribution of the population.  

 

 
 
 
 
 
 



Species Data Type Known Data Data Gap Evaluation of Gap 
Habitat  • Sturgeon are primarily found in large lakes and rivers. 

• It has been suggested that sturgeon populations may require at least 250 km of habitat to 
complete their life cycle (Auer 1996) 

• However, sturgeon populations are known to be sustainable (for at least 100 years) in much 
smaller areas if all life history requirements can be fulfilled (e.g., Pt du Bois to Slave Falls). 

 
Spawning Locations: 
• Spawning takes place in fast water over hard substrate, such as boulders or bedrock 

(Stewart and Watkinson 2004). 
• Sturgeon will migrate to areas of fast water or the base of impassable falls to spawn (Scott 

and Crossman 1973). 
   

• Because of  the current age structure of the sturgeon 
population in the Red River, spawning habitats are 
unknown. 

• Historical information on sturgeon spawning locations 
in the Red River has not been compiled and may not be 
available. 

• Typical lake sturgeon spawning areas in the 
Red River within Manitoba are rare.  Sturgeon 
may have spawned in the Lister/St Andrews 
Rapids area of the river prior to construction of 
the St. Andrews Lock and Dam in the 1900s.  
Sturgeon also spawned in the lower reaches of 
the Saskatchewan River and rivers draining 
into the east side of Lake Winnipeg.   Sturgeon 
may also have spawned in the Roseau River, 
however, dams may now prevent access to 
suitable spawning habitat in some years.  
Typical lake sturgeon spawning habitat is 
available at modified dam locations on the Red 
River and its tributaries in the USA.  The need 
for sturgeon to access this upstream habitat as 
populations mature in the future is uncertain. 

• Given that sturgeon were first stocked in the 
Red River watershed around 1997, mature 
sturgeon looking for spawning habitat may not 
become abundant in the Red River until 
approximately 2015 (based on 18 years of age 
at sexual maturity). 

 
Spawning 
Period 

• Sturgeon in the Red River would likely spawn from late May to mid June at water 
temperatures of 11-17oC. 

• Because of the young age of sturgeon in the Red River, 
the timing of sturgeon spawning in the Red River basin is 
unknown. 

• Sturgeon spawn at relatively the same 
temperatures regardless of latitude in 
Manitoba.  The timing of spawning will be 
temperature dependent.  However, upstream 
movement may be needed much earlier in the 
spring as sturgeon migrate to spawning 
grounds. 

Lake 
Sturgeon 

Swimming 
Capability  

• Models describing swimming endurance and critical speeds for lake sturgeon have been 
derived by Scruton et al. (1998).  Adult sturgeon (>100 cm) were reported to have a critical 
swimming speed (Ucrit10) of 0.97 m/s and a burst swimming speed of 1.8 m/s (maintained 
for < 30 seconds) at 14ºC.  

 
 

• Sufficient data on the swimming performance of this 
species for the target size range and water temperature 
exists in the literature. 

• There is little documented evidence for the effective 
passage of sturgeon by barriers to upstream movement. 

 

• Documented accounts of lake sturgeon 
passage in fishways is scarce, and where this 
species have been observed using fishways, 
the numbers are very low.  Moreover, the 
information that has been collected has been 
largely generated form hatchery-reared fish 
placed in closed experimental flumes (e.g., 
Katopodis 1995), rather than for wild sturgeon 
in a full scale fishway connected to a natural 
habitat.  However, extrapolation of 
information from other species is possible 
(e.g., shovelnose sturgeon, shortnose 
sturgeon, white sturgeon). 

 
 
 
 
 
 



Species Data Type Known Data Data Gap Evaluation of Gap 
Populations  • Northern pike comprised approximately 1.4% of the large-bodied fish catch by Remnant et 

al. (2000) from the Red and Assiniboine rivers.  
• The number of northern pike in the Red River is 

unknown.  
• Although common and an important 

component of the Red River fishery, northern 
pike are not particularly abundant in the Red 
River. 

Movement  • In general northern pike are fairly sedentary (Scott and Crossman 1973).  Clarke et al.  
(1980) found that pike in the Winnipeg study area did not travel extensively.  

• In spring, northern pike move upstream, spawning just after the ice leaves rivers and 
streams, but while most lakes still have ice cover (Stewart and Watkinson 2004) 

• Clarke et al. (1980) collected data that suggested that there was an upstream migration of 
pike in the Red River in spring and a downstream movement in summer and fall.   

• Of 11 northern pike tagged with acoustic transmitters and located between St. Adolphe and 
the La Salle River mouth during the springs of 2005 and 2006, one migrated out of the 
study area (in a downstream direction).  A second northern pike was located (with manual 
tracking) near the St. Vital Bridge.   

• Of 11 acoustically tagged northern pike located between St. Adolphe and the La Salle River 
mouth, none moved out of the area during the summer.  

• Of 20 acoustically tagged northern pike located between St. Adolphe and the La Salle River 
mouth during fall 2004 and 2005, only three were known to have moved out of the area.  
All three moved downstream past Lockport and the End of Main and presumably into Lake 
Winnipeg. 

• Data from 10 northern pike tagged with acoustic transmitters in the vicinity of the 
NEWPCC in February 2000 suggest that northern pike in the Red River have small winter 
home ranges (Eddy et al. 2000). 

• There was no evidence that upstream movements of northern pike were being hindered by 
the Floodway Inlet Control Structure during operation in June and July 2005 (Graveline and 
MacDonell 2005).  

• Based on Didson camera results, TetrES (2004) concluded that over 5000 fish per day were 
migrating upstream past the Floodway Inlet Control Structure during April 30 and May 1 
2004.  Although the proportion could not be determined, TetrES concluded that northern 
pike comprised some of the fish moving through the structure.    

• Although northern pike are known to migrate upstream 
to spawning areas during spring, there are few data from 
the vicinity of the Floodway Inlet Control Structure to 
indicate whether pike are migrating through this area 
during spring or if upstream movement is being hindered. 

• There are no historical data regarding northern pike 
movements in the Red River prior to construction of the 
Floodway Inlet Control Structure. 

 

• Northern pike are common but not abundant in 
the Red River, as it did does not provide 
optimal summer foraging habitat. Although 
some pike in the river will undertake extensive 
downstream movements to Lake Winnipeg, the 
data suggest that the majority of northern pike 
within the river have relatively small home 
ranges at all times of the year.  Acoustic 
telemetry data suggests that the majority of 
northern pike spawn within the vicinity of their 
summer home range.  Consequently it is 
unlikely that the northern pike population in the 
Red River would benefit from upstream 
passage by the Floodway Inlet Control 
Structure.  

• Fish movement data from the Red River 
suggests that the Floodway Inlet Control 
Structure does not inhibit upstream movement 
of northern pike during summer operation of 
the floodway. 

Habitat  • The preferred habitat of pike is usually clear, warm, slow, meandering, heavily vegetated 
rivers or warm, weedy bays of lakes (Scott and Crossman 1973). They are found throughout 
the Red River watershed inhabiting headwater streams and the mainstem (Koel and Peterka 
1997). 

• Pike spawn in shallow water with vegetation.   
Spawning Locations – 
• Exact locations in the Red River are unknown 
• Northern pike spawn in tributaries of the Red River.  Larval pike have been caught in the 

Roseau River, a tributary of the Red River near the Manitoba/Minnesota border (Remnant 
1999) 

 

• Very little is known about the relative importance of 
habitat in upstream tributaries to fish populations in the 
lower reaches of the Red River. 

• Exact spawning locations in the Red River are unknown. 
 

• Summer foraging habitat rather than spawning 
habitat is likely the limiting factor for northern 
pike in the Red River.   

• Acoustic telemetry data suggest that most pike 
in the Red River do not undertake extensive 
upstream spawning migrations. 

• Consequently, it is unlikely that tributaries 
upstream of the Floodway Inlet Control 
Structure would be important to northern pike 
in the lower Red River. 

Northern 
Pike 

Spawning 
Period 

• Pike spawn from April to early May depending on ice-off.   Northern pike are generally the 
first species to spawn at water temperatures of less the 6oC.  

 • The spawning period for pike is well 
understood. 

 
 
 
 
 



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Northern 
Pike 

Swimming 
Capability – 

• The critical velocity (Ucrit10) for northern pike ranging in length from 12-62 cm has been 
reported as 0.19-0.47 m/s at 12ºC (Jones et al. 1974) and at 2.97 m/s for 43 cm fish at 18ºC 
(Ohlmer and Schwartzkopff 1959, in Wolter and Arlinghaus 2003). 

• The burst speed of northern pike (<50 cm in length) has been found to range between 1.5-
4.5 m/s (Stringham 1924 in Beamish 1978; Hertel 1966, Harper and Blake 1991, and Frith 
and Blake 1995 in Wolter and Arlinghaus 2003).   

 
 
 
 
 
 
 
 

• Although a number of studies have examined the 
swimming performance of northern pike, few studies 
have recorded the size of fish tested or the water 
temperature of the exposure. 

• The swimming performance of northern within the 
species’ preferred temperature range for spawning  
(< 11ºC) has not been documented in the literature. 

• The swimming distance curves generated by Katopodis 
and Gervais (1991) for fish species using the 
subcarangiform/anguilliform modes may not accurately 
estimate the swimming capability of species such as 
northern pike. 

 

• Pike have been documented as successfully 
ascending a number of fishways with water 
velocities ranging from approximately 0.4-2.9 
m/s (Schwalme et al. 1985, Katopodis et al. 
1991). 

• Schwalme et al. (1985) reported that pike 
strongly preferred to ascend Denil fishways, 
which had higher water velocities and greater 
distances of high velocity flow, compared to 
the vertical slot fishway.   

• Katopodis et al. (1991) noted that none of the 
northern pike attempting to ascend the Denil 
fishway near the surface (where water 
velocities were > 1.3 m/s) were successful. 

 
Populations  • Sauger comprised approximately 23% of the large-bodied fish catch from the Red and 

Assiniboine rivers by Remnant et al. (2000).  
• In 2005, sauger densities in the reach immediately downstream of the Floodway Inlet 

Control Structure were higher than in a reach located further upstream (Graveline and 
MacDonell 2005). 

• Clarke et al. (1980) observed the greatest abundance of sauger in the Red River in late May, 
corresponding with the onset of the spawning season. 

 

• The number of sauger in the Red River is unknown. • Sauger comprise almost a quarter of the large 
bodied fish population in the Red River and are 
an important species for the recreational 
fishery.  Assessing the abundance of sauger in 
the river would be an extremely large 
undertaking.  Although knowing the absolute 
abundance of sauger in the Red River would be 
advantageous in assessing potential blockages, 
it is likely not necessary for determining 
whether fish passage is necessary. 

Sauger 

Movement  • Sauger can be highly mobile.  Individuals tagged in the Winnipeg area of the Red River 
have been observed to travel 283.2 km in 35 days and 135.2 km in 9 days (Clarke et al. 
1980).   

• Changes in abundance in the Red River at Winnipeg, led Clarke et al. (1980) to speculate 
that sauger probably moved upstream to spawn by about mid May. 

• Clarke et al. (1980) suggested that after spawning in spring sauger dispersed upstream and 
downstream. An upstream movement of sauger may also occur in the fall.  Sauger have 
been observed moving upstream in late August and September (Clarke et al. 1980).  The 
congregation of sauger at the mouth of the Red River in the fall is further evidence of a 
potential fall migration (R. Moshenko pers. comm. as cited in Clarke et al. 1980). 

• Seven sauger have been acoustically tagged and monitored as part of an ongoing Manitoba 
Floodway Authority Fish Movement Study.  Two of the tagged sauger were observed to 
move downstream in the fall of 2005.  One moved from 2 km downstream of the Floodway 
Inlet Control Gates to the area around Netley Creek (End of Main), while the other moved 
from St. Adolphe into the City of Winnipeg.   

• Sauger may overwinter in the Red River, but may also overwinter in Lake Winnipeg 
migrating upstream during spring (Clarke et al. 1980). 

• Based on Didson camera results, TetrES (2004) concluded that over 5000 fish per day were 
migrating upstream past the Floodway Inlet Control Structure during April 30 and May 1 
2004.   It was not determined if sauger were present. 

• Although sauger are known to migrate upstream to 
spawning areas during spring, there are few data from the 
vicinity of the Floodway Inlet Control Structure to 
indicate whether sauger are migrating through this area 
during spring or if upstream movement is being hindered. 

• There are no historical data regarding sauger movements 
in the Red River prior to construction of the Floodway 
Inlet Control Structure. 

• There is no information on fall movements of sauger in 
the upper Red River above Lockport.  

 

• There is currently insufficient information to 
conclude whether upstream movements of 
sauger are being hindered by the Floodway 
Inlet Control Structure during spring. 

• There are no data to assess the historical 
importance of sauger movement south of 
Winnipeg.   

• The Floodway Inlet Control Structure does not 
appear to block significant numbers of sauger 
during operation of the floodway from mid 
June to late July. 

 

 
 
 



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Habitat  • Sauger inhabit lakes and rivers throughout Manitoba.  They are primarily found in the 
mainstem and large tributary habitats within the Red River watershed (Koel and Peterka 
1997).  Sauger are thought to spawn in fast-flowing water scattering eggs over rocky 
substrate (Stewart and Watkinson 2004). 

Spawning Locations – 
• Exact locations in the Red River are unknown.  Large numbers of ripe sauger captured in 

the spring, and young-of-the-year fish captured by Clarke et al. (1980) in the fall, suggest 
that sauger spawn in the Red River.   

 

• Very little is known about the relative importance to 
sauger of mainstem and tributary habitat upstream of the 
Floodway Inlet Control Gates. 

• Sauger likely spawn in the Red River in areas 
characterized by cobble, gravel substrates. 

• The extent to which these substrates occur 
upstream of the Floodway Inlet Control Gates 
vs downstream of the gates has not been 
determined. 

• Without further movement data it will be 
unclear how important upstream habitat is to 
the sauger population in the Red River. 

Spawning 
Period 

• Sauger spawn from mid May to early June, generally after walleye spawning. • Little is known about the exact timing of sauger 
spawning in Manitoba.  

• Although little is known about the precise 
timing of spawning by sauger, the window for 
spawning movements would be similar to 
walleye. 

Sauger 

Swimming 
Capability  

• Swimming performance of sauger has not been documented in the literature. 
 
 
 
 
 
 

• There is no information on the swimming capabilities of 
this species 

• Species similar to sauger (i.e., walleye) for 
which data pertaining to swimming 
performance exists can be used to estimate this 
species’ swimming capacity. 

• Swimming capability can be estimated for 
species such as sauger that use the 
subcarangiform swimming mode based on fish 
length from swimming distance curves 
generated by Katopodis and Gervais (1991). 

 
Population- • Walleye comprised approximately 2.1% of the large-bodied fish catch by Remnant et al. 

(2000) from the Red and Assiniboine rivers. 
• Kristofferson (1994) speculated that there may be two discrete walleye stocks inhabiting the 

lower Red River; a highly mobile lake based stock and a river resident one. 
 

• The number of walleye in the Red River is unknown. • Walleye comprise a relatively small proportion 
of the upper Red River fish population but are 
highly important to the recreational fishery on 
the river.  Assessing the abundance of walleye 
in the river would be an extremely large 
undertaking.  Although knowing the absolute 
abundance of walleye in the Red River would 
be advantageous in assessing potential 
blockages, it is likely not necessary for 
determining whether fish passage is necessary. 

Walleye 

Movement • Walleye tracked by radio telemetry in the Red River have been observed to move 
considerable distances in very short periods of time (Kristofferson 1994); however summer 
wanderings are usually limited to 3-5 miles (Scott & Crossman 1973).   

• Clarke et al. (1980) tagged 65 walleye in the City of Winnipeg of which eight were 
subsequently recaptured.  Four were recaptured south of Winnipeg, and four others within 
or just north of Winnipeg.  None of Clarke’s tags were captured north of St Andrews Lock 
and Dam. 

• Kristofferson (1994) Floy-tagged 1786 walleye in the lower Red River between Lake 
Winnipeg and Lockport over a four year period.  Only one of these fish was recaptured 
south of Lockport. 

• Walleye tagged with acoustic transmitters by Barth and Lawrence (2000) in the Red and 
Assinibione rivers near Winnipeg generally moved only short distances throughout the 
period of study (August 1999 to February 2000).  Of six walleye marked with acoustic  

• Although walleye are known to migrate upstream to 
spawning areas during spring, there are few data from the 
vicinity of the Floodway Inlet Control Structure to 
indicate whether walleye are migrating through this area 
during spring or if upstream movement is being hindered. 

• There are no historical data regarding walleye 
movements in the Red River prior to construction of the 
Floodway Inlet Control Structure. 

 

• There is currently insufficient information to 
conclude whether upstream movements of 
walleye are being hindered by the Floodway 
Inlet Control Structure during spring. 

• The data suggest that any walleye moving 
upstream past the Inlet Control Structure 
would be part of a population that resides in 
the area upstream of the St. Andrews Lock and 
Dam. 

• There are no data to assess the historical 
importance of walleye movement south of 
Winnipeg. 

 
 



 
 

Species Data Type Known Data Data Gap Evaluation of Gap 
 transmitters in the City of Winnipeg only one moved (south out of the City) between August 

and February 1999.    
• The majority of walleye tagged with acoustic transmitters between St. Vital Park and the 

Seine Diversion as part of the Manitoba Floodway Authority Fish Movement Study were 
observed to have periods of limited movement.  Generally during summer, most of the 
walleye remained below the Floodway Control Structure, often followed by movement 
upstream to St. Adolphe and back downstream to the Control Structure in October. 

• Walleye migrate from Lake Winnipeg to the Red River during spring and may begin 
entering the mouth of the lower Red River when there is still ice cover on the Lake 
Winnipeg (Kristofferson 1994).  Spring spawning migrations were also observed by Clarke 
et al. (1980) who speculated that walleye probably moved upstream to spawn by mid-May, 
after which they dispersed upstream and downstream.  Walleye are thought to begin to 
move back downstream in early July, followed by movements back upstream in late August 
and September (Clarke et al. 1980). 

• There have been several accounts of a fall migration of walleye from Lake Winnipeg into 
the Red River (Clarke et al. 1980, Lysack 1986, Kristofferson 1994) which may or may not 
be annual.   

• Walleye abundance appeared to increase below the Floodway Control Inlet Structure during 
operation of the floodway in June 2005.  However, the number of walleye encountered was 
relatively low compared to catfish, freshwater drum and sauger. 

• Walleye are known to overwinter in the lower Red, and within the City of Winnipeg in the 
Red and Assiniboine rivers (MacDonell 1999, Krsitofferson 1994).    

• Based on Didson camera results, TetrES (2004) concluded that over 5000 fish per day were 
migrating upstream past the Floodway Inlet Control Structure during April 30 and May 1 
2004.   It was not determined if walleye were present. 

 • Fish movement data from the Red River 
suggests that the Floodway Inlet Control 
Structure does not inhibit upstream movement 
of large numbers of walleye during summer 
operation of the floodway. 

• Acoustic telemetry data suggests that although 
some walleye located in the Red River near the 
south end of Winnipeg may make extensive 
movements, the majority of walleye fulfill 
most of their life history requirements in a 
relatively small reach of the river. 

Habitat • Primarily found in the mainstem and large tributary habitats within the Red River 
watershed, but are also found in smaller tributaries, particularly as juveniles (Koel and 
Peterka 1997).Walleye inhabit lakes and rivers and are typically found in deeper, less turbid 
water than sauger (Stewart and Watkinson 2004).  Spawning takes place over rocky 
substrate.   

Spawning Locations – 
• Male walleyes in spawning condition have been collected from the Red River below St. 

Andrews Dam and the mouth of Cooks Creek (Stewart and Watkinson 2004). 
• At least some walleye migrate to tributaries for spawning, as ripe males have been taken 

from Cooks Creek and the lower reaches of the Rat River (Stewart and Watkinson 2004). 
• Ripe male walleyes have been taken from the lower reaches of the Roseau River, a tributary 

of the Red River near the US/Canada border (Stewart and Watkinson 2004). 
 

• Very little is known about the relative importance of 
habitat in upstream tributaries to walleye populations 
between the St. Andrews Lock and dam and the 
Floodway Inlet Control Structure. 

• The tagging data suggests that there are two 
walleye populations in the Red River: one 
upstream and one downstream of St. Andrews 
Lock and Dam.  It is unlikely that walleye 
downstream of St. Andrews are currently 
reliant on spawning habitat upstream of the 
Floodway Inlet Control Structure.  The 
acoustic data from the Red River suggest that 
walleye generally do not migrate large 
distances to spawn.  However, it remains 
uncertain to what degree walleye between St. 
Andrews and the Control Structure utilize 
habitat upstream.   

Walleye 

Spawning 
Period 
 

• Walleye spawn from late April to late May at water temperatures between 6 and 10oC.  • The spawning window for walleye is well 
understood. 

 
 
 
 
 



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Walleye Swimming 
Capability 

• Models describing swimming endurance and critical speeds for walleye have been derived 
by Scruton et al. (1998). 

• The critical velocity (Ucrit10) for walleye ranging in length from 8-67 cm has been reported 
as 0.43-1.14 m/s at water temperatures between 6-20ºC (Jones et al. 1974; Peake et al. 
2000). 

• The burst speed of walleye (16-57 cm in length) has been found to range between 1.6-2.6 
m/s (Peake et al. 2000).    

• Sufficient data on the swimming performance of this 
species for the target size range and water temperature 
exists in the literature. 

• The reasons why walleye were not observed ascending 
Denil or vertical fishways despite making extensive 
movements in the river are unclear (Schwalme et al. 
1985). 

 

• Walleye have been documented as successfully 
ascending Denil fishways with water velocities 
ranging from approximately 0.7-1.7 m/s 
(Katopodis et al. 1991). 

Populations  • White sucker comprised approximately 11% of the large-bodied fish catch by Remnant et 
al. (2000) from the Red and Assiniboine rivers. 

• White sucker comprised less than 1% of the large-bodied fish catch from below the 
Floodway Inlet Control Structure during June and July 2005 (Graveline and MacDonell 
2005). 

• The number of white sucker in the Red River is 
unknown. 

• White sucker are relatively abundant in the 
Red River and represent a number of 
catostomid species that are present (e.g., 
redhorses and quillback). None of these 
species are important to commercial or 
recreational fisheries but because of their 
abundance (~25% of the large bodied fish), are 
important to the Red River fish community. 

White 
Sucker 

Movement  • White sucker generally begin to move upstream to spawn in mid to late April (Stewart and 
Watkinson 2004). 

• It is suggested that white suckers begin to move downstream to Lake Winnipeg in June after 
spawning in the Red River or its tributaries (Clarke et al. 1980). 

• In late August and September, Clarke et al. (1980) observed a second peak of abundance of 
white suckers in the Red River which could represent a local congregation, a second 
downstream movement, or an upstream movement of white suckers to overwinter in the 
Red River.  The authors speculated that since these suckers were recaptured only from the 
Assiniboine River, they might be from a distinct population which spawn in the Assiniboine 
River and its tributaries and then migrate downstream to the Red River for the summer 
(Clarke et al. 1980). 

• Graveline and MacDonell (2005) found no evidence that upstream movements of suckers 
were being hindered by operation of the floodway during June and July 2005. 

• Based on Didson camera results, TetrES (2004) concluded that over 5000 fish per day were 
migrating upstream past the Floodway Inlet Control Structure during April 30 and May 1 
2004.   It was not determined if suckers were present. 

• There are no data available to indicate whether suckers 
are migrating through the Floodway Inlet Control 
Structure area during spring or if upstream movement is 
being hindered. 

• There are no historical data regarding sucker movements 
in the Red River prior to construction of the Floodway 
Inlet Control Structure. 

• There is little information on movements of individual 
suckers in the Red River.  

 

• There is currently insufficient information to 
conclude whether upstream movements of 
sucker are being hindered by the Floodway 
Inlet Control Structure during spring. 

• There are no data to assess the historical 
importance of sucker movement south of 
Winnipeg. 

• The Floodway Inlet Control Structure does not 
inhibit upstream movement of large numbers of 
sucker during summer operation of the 
floodway. 

 

 
 
 
 
 



 
Species Data Type Known Data Data Gap Evaluation of Gap 

Habitat • White suckers inhabit streams, rivers and lakes.  They occur throughout the Red River 
watershed and are found in headwater and mainstem habitats (Koel and Peterka 1997). 
Spawning occurs in both rapids and calm water, typically over gravel, although substrates 
can vary (Stewart and Watkinson 2004). Spawning Locations – 

• White suckers are known to spawn in tributaries of the Red and Assiniboine rivers 
(Remnant 1999, Toews and Davies 2000).  

 

• Very little is known about the relative importance of 
habitat in upstream tributaries to sucker populations in 
the lower reaches of the Red River. 

• The extent to which suckers use the Red River mainstem 
for spawning is unknown. 

 

• Suckers can likely find suitable spawning and 
foraging habitat in all reaches of the Red River.  
Consequently, there would likely be little 
benefit in ensuring passage for suckers at the 
Floodway Inlet Control Structure. 

Spawning 
Period 
 

• From May to mid June at water temperatures of approximately 10oC • Although spawning timing windows for white sucker are 
fairly well understood, spawning periods for other sucker 
species are much less well documented. 

• The spawning timing window for other species 
(e.g., walleye and freshwater drum) would 
likely include all sucker species 

White 
Sucker 

Swimming 
Capability 

• The critical velocity (Ucrit10) for white sucker ranging in length from 17-37 cm has been 
reported as 0.48-0.73 m/s at 12-19ºC (Jones et al. 1974). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• There is no information on the swimming performance of 
this species within the preferred temperature range for 
spawning (<11ºC). 

• There is no information on the burst speed of this species. 

• Swimming capability can be estimated for 
species such as white sucker that use the 
subcarangiform swimming mode based on fish 
length from swimming distance curves 
generated by Katopodis and Gervais (1991). 

• White sucker have been documented 
successfully ascending Denil and vertical 
fishways with water velocities ranging from 
approximately 0.2-2.9 m/s (Schwalme et al. 
1985; Katopodis et al. 1991; Bunt et al. 2001). 

• Schwalme et al. (1985) reported that white 
sucker appeared to prefer ascending the vertical 
slot fishway, which had lower water velocities 
and shorter distances of high velocity flow, 
compared to the Denil fishways. 

• Katopodis et al. (1991) noted that none of the 
white sucker attempting to ascend the Denil 
fishway near the surface (where water 
velocities were > 1.3 m/s) were successful. 
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APPENDIX E 
 

FLOODWAY INLET CONTROL STRUCTURE  
HYDRAULIC CONDITIONS DURING ACTIVE FLOODWAY OPERATION 



Floodway Inlet Control Structure Hydraulic Conditions 
Active Floodway Operation
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Floodway Inlet Control Structure Hydraulic Conditions 
Active Floodway Operation
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Floodway Inlet Control Structure Hydraulic Conditions 
Active Floodway Operation
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          the HWL are high and the TWL are low.
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MEMORANDUM   
 
 
TO:   Dave MacMillan, P. Eng. 
 
FROM:  Dave Brown, P. Eng. 
 
DATE:   October 26, 2006 
 
PROJECT NO: 06-1100-01 
  
RE:   Floodway Inlet Control Structure 

Concepts for the Provision of Fish Passage    
 
1.0 INTRODUCTION 
 
The Red River Floodway Inlet Control Structure (ICS) is situated in the Red River a short distance 
downstream from the inlet to the Floodway Channel. The structure consists of concrete abutments and a 
central pier with two large submersible gates, each 34.3 m wide. The gates are normally in the submerged 
position, with about 2.4 m of water over them in the summer months. The crest of the Floodway Channel 
inlet is at elevation of 228.6 m, and permits river flow to enter the Floodway when the Red River discharge 
exceeds 850 cms. As natural discharge increases above 850 cms, there is a division in flow between the 
Floodway and the River, and creation of a drawdown condition that would, if not controlled, cause water 
levels below what would have occurred without the Floodway. The purpose of the ICS is to counteract this 
drawdown effect and to regulate the division of flow between the Floodway and the river. The gates in the 
Inlet Control Structure are operated so as to maintain a water surface elevation upstream of the structure at 
the level that would occur under natural conditions.   
 
Although the ICS is normally not a blockage to fish passage, during those periods when the gates of the 
structure are raised, fish passage is affected. Since the construction of the Floodway and associated flood 
protection infrastructure, the ICS gates have been raised in the spring for an average period of 23 days 
approximately every two of three years and recently in three of the past five summers.  
 
Since the gate operation in the spring coincides with the migration and spawning season for many fish 
species, the ICS can become an obstacle to fish movement at this critical time of the year. Provision for 
upstream fish passage at the ICS will eliminate this blockage and help provide access to improved fish 
habitat in the Red River upstream of the ICS, as far upstream as the headwaters of the river and its 
tributaries. The purpose of this study is to provide the Manitoba Floodway Authority with options for a 
conceptual design of a structure that will provide fish passage at the ICS over a range of operating 
conditions. 
 
This memorandum summarizes the concepts that have been identified as potential alternatives for fish 
passage at the ICS, the requirements and design for a effective fishway, as well as a matrix that compares 
each of the fish passage concepts. 
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2.0 CONCEPTS FOR FISH PASSAGE 
 
A number of concepts have been identified for the provision of fish passage at the ICS and are listed below. 
Each of these concepts is described in further detail in the following subsections. A preliminary assessment 
matrix comparing each concept is presented in Table 1. 
 
 Removable Baffle Box  
 Trap and Transport 
 Fish Lift 
 Modified Gate Operation 
 Multi-Level Conduits 
 Roughness Features on ICS Floor/Wall 
 Fishway Attached to Gate 
 Riffles in the Red River 
 Structural Fishway through the Dam 
 Pool and Riffle Fishway to an Elevated Pool 
 Structural Fishway over the Gate 
 Fishway at the Floodway Outlet Structure 
 “Do Nothing” 

 
Removable Baffle Box  
 
The removable baffle box would be a structural fishway that would be positioned against the end wall within 
one of the bays. The baffles in this fishway would most likely consist of either a denil or a slotted weir type 
baffle.  
 
This fishway would only be used when the gates are down, and it would be removed prior to the operation of 
the Floodway gates. Since the gates at the ICS are operated on average 2 of every 3 years, a removable 
structure would add a significant level of effort and logistics each time the gates are operated.  
 
The best method for installing and removing this fishway is considered to be with a hoist system that would 
raise the fishway when the gates are operated and lower the structure when the gates are lowered in their 
chambers. The baffle box would require some for of pinning the box down in the flow so that it does not 
move around or vibrate as a result of the flows passing though the ICS. In addition to the structure being 
raised out of the water when the gates are operated, the structure should be raised during the winter 
months and in times of ice movement on the river to avoid damage to the structure. 
 
The length of the structure would have to be such that it extends far enough upstream and downstream to 
be beyond the impassable areas of higher velocities. However, the fishway entrance would have to be 
located within the area where the velocity would be sufficient for attracting the fish to the fishway.  
 
Figures 1 and 2 show sketches of the plan and section of the removable baffle box structure. 
 
Trap and Transport 
 
The trap and transport concept would involve the construction of a collection chamber on the downstream 
side of the ICS. This collection box would have a one way fish gate which would not allow fish to swim back 
to the Red River once they are inside the chamber and a removable box that would be used to relocate the 
fish. When there is a number of fish within the collection chamber, the removable box would be lifted out, 
transported, and the fish would be emptied the box and released to the upstream side of the ICS. This 
concept of fish passage could impart a great deal of stress on the fish resulting from the transporting of 
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those fish. This stress will temporarily negatively affect the fish once they are re-introduced into the river, 
such that if they are released too close to the structure, the fish may swim back downstream immediately 
after being released. Therefore to ensure that the fish do not immediately swim back it may be preferable to 
re-introduce the fish into the Red River some distance upstream of the ICS into an area of calm flow. 
 
This concept would be a labour intensive method of fish passage, however could be used for any flow and 
operating condition in which fish passage would be required. 
 
Figure 3 shows a sketch of the trap and transport concept showing the location of the collection box and the 
location of the release area.  
 
Fish Lift 
 
The fish lift would involve the construction of a collection chamber on the upstream side of the ICS. This 
collection box would have a one way fish gate which would not allow fish to swim back to the Red River 
once they are inside the chamber. After the fish enter the collection chamber, the chamber would be lifted 
up to a chute that would allow the fish to be conveyed upstream of the gates into the Red River. This 
concept would require that a constant supply of water be pumped into the chute. 
 
As an alternative to a mechanically raising chamber, the fish lift could utilize a system in which a gate closes 
at the bottom of the lift and water fills up the lift area until it pours into the chute. Once the water raises to 
the chute level, the fish could swim up the lift area into the chute.  
 
This concept would have a relatively high operational cost, however could be used for any flow and 
operating condition in which fish passage would be required. 
 
Figures 4 & 5 show sketches of the fish lift concept. 
 
Modified Gate Operation 
 
The concept of modified gate operation for fish passage would involve either the operation of only one gate 
while leaving the other gate down or operating both gates with a variable gate elevation instead of 
symmetric gate operation. This type of operation would only be available as an option for fish passage for 
relatively low flow conditions when the gates area required. When only one gate is operated, the flow and 
velocity through the bay with the gate down will increase, which would begin to make the bay with the gate 
down impassable for fish.  
 
Although this concept is a relatively low cost alternative, it would have limited applicability since the modified 
gate operation may only be achievable for a portion of the time when fish passage is required.  As a result, if 
this alternative were selected, it would have to be combined with one of the alternatives that functions when 
the gates are not operated such as the removable baffle box or the roughness features on the floor / wall of 
the ICS. 
 
Multi-Level Conduits 
 
The concept of a multi-level conduit fishway consists of series of conduits that pass through the east dyke 
on the east side of the ICS. Each of the conduits would be at different elevations. The fish would enter into 
one of the conduits through a collection chamber on the downstream side of the ICS. Each conduit would 
have a number of baffles inside which would allow for fish resting areas through the conduit. 
 
Which conduit the fish would utilize for upstream passage would depend on the headwater and tailwater 
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level conditions. That is if the headwater level is well above the lowest conduit and half way up the middle 
level conduit, the fish would most likely pass through the middle conduit, since the flow velocity through the 
that conduit would be easiest for them to navigate. Similarly, the conduit that the fish would utilize would 
have to be below the tailwater level in the collection box. 
 
This type of fishway would have minimal operational considerations associated with it since each conduit 
would begin to pass flow when the water level upstream rises to the invert of each conduit. The entrance to 
the fishway would have the lowest conduit at the end of the collection box furthest from the river and the 
highest conduit closest to the river. The conduits would be configured this way since at the flows in the lower 
or submerged conduits under high water levels would result in velocities higher than in the unsubmerged 
conduits making the submerged conduits impassable to fish . Also by arranging the lower conduits that will 
convey the highest flows further from the river, they will help to provide increased attraction flow to the 
fishway entrance when the flows in the river are higher. 
 
Since this fishway concept involves the installation of conduits through the east dyke, dam safety issues 
would need to be addressed. These considerations would be associated with the relative passage of flow 
through the dyke compared to the two bays of the ICS and the need to design the structures to eliminate the 
potential for a failure of the dyke. During extreme flood events flow would not pass through the fishway. A 
gate structure could be implemented into the fishway headwall on the upstream side of the ICS to close the 
fishway. 
 
Figures 6 and 7 show plan and section sketches of the multi-level conduit fishway. 
 
Roughness Features on ICS Floor/Wall 
 
This concept consists of the installation of roughness features on the base of the ICS floor and/or wall and 
on the upstream face of the gate to provide some structure within the ICS that would provide resting areas 
for fish when they are swimming through the ICS. This concept would only help to facilitate fish passage 
through the ICS when the gates are not operated.  
 
These roughness features would likely consist of concrete blocks that are anchored to the floor staggered 
through one bay of the ICS. The roughness features located on the upstream face of the gate would consist 
of a form of retractable steel baffles. These baffles would be retractable so that when the gates are 
operated, the baffles would be retracted flush to the surface of the gate so that the hydraulic conditions and 
loads on the gate would not be altered from their current condition. Roughness features installed along the 
wall at the floor level would consist of objects that divert flow away from the wall and create a dead flow area 
behind the structure. 
 
During flood periods when the gates are operated the concrete blocks would affect the hydraulics of the ICS 
and as a result of the hydraulic loading they would be susceptible to damage. These concrete blocks would 
also be susceptible to ice damage during the ice break-up period.  If this alternative is selected for further 
development, detailed hydraulic analysis should be carried out to quantify the hydraulic impacts to the ICS.  
 
Figures 9 and 10 show sketches of the plan and section of this concept. 
 
 
 
Fishway Attached to Gate 
 
This concept consists of the installation of a steel baffle box on the downstream side of the gate that would 
lower and raise with the gate. The baffle box would be attached to the gate with a hinge that would rotate as 



 
P:\PROJECTS\2006\06-1100-01\ADMIN\DOCS\DRAFT REPORT\APPENDICIES\APPENDIX G - MEMO - CONCEPTS FOR FISH PASSAGE\MEMO_FISH_PASS_CONCEPTS_(OCT 25 
2006).DSB.DOC 

the gate was raised. The downstream end of the box would have a pin that would travel along a guide 
attached to the wall of the ICS. The baffles in this fishway would most likely consist of either a denil or a 
slotted weir type baffle. The baffle box structure would be susceptible to impact loads from both floating 
debris and ice floes. 
 
This concept would provide fish passage both during periods when the gate are operated and not operated. 
However, since the baffle box would be attached to the downstream end of the gate, the fishway would not 
extend to the upstream end of the ICS. Therefore during periods when the gates are not operated 
roughness features on the gate and in the upstream end of the ICS would likely also be required. When the 
gates are raised the fish would exit the baffle box in the location of the gate tip.  When the fish exit the baffle 
box they would likely swim down along the upstream face of the gate to avoid the high velocity water, 
however the distance from the gate tip to the upstream end of the ICS may have too high a velocity for the 
fish to navigate. More detailed analysis would be required to determine the velocity patterns and magnitudes 
associated with this concept.  
 
The length of the structure would have to be such that the entrance to the baffle box extends far enough 
downstream to be beyond the impassable areas of higher velocities. However, the fishway entrance would 
have to be within the area where the velocity would be sufficient for attracting the fish to the fishway.  
 
Figures 10 and 11 show sketches of the plan and section of this concept. 
 
Riffles in the Red River 
 
This concept of fish passage would consist of the construction of a two or three rock riffles across the Red 
River downstream of the ICS. During high flow conditions these riffles would increase the water levels 
between the riffles and the ICS (i.e. increase the tailwater level at the structure).  
 
When the gates are not operated, the increased tailwater levels resulting from the riffles would result in an 
increased flow area through the structure, which will reduce the water velocities in the ICS. These reduced 
velocities would improve the fish passage success thought the structure. At higher flows when the gates are 
operated, the riffles will increase the tailwater levels, which would reduce the head drop over the gate and 
reduce the velocities downstream of the gate.  Under conditions when the gates are not operated, these 
riffles will not only increase the water levels at the ICS but also further upstream of the ICS.  
 
The riffles would be designed such that they would be submerged and would not interfere with navigation in 
the river. It is possible that these riffles could not be designed to create the riffle pool effect at all flow 
conditions without affecting navigation in some way. They would also have to be designed such that under 
normal flow conditions they do not increase the water levels upstream such that they would cause artificial 
flooding of property between the riffles and the ICS. The riffles would be designed such that the hydraulic 
characteristics (i.e. flow conveyance) of the ICS would not be compromised. The riffles would be susceptible 
to potential damage from ice flows or other debris, which could alter the configuration of the riffles and 
potentially effect the performance of the riffles.  
 
Figure 12 shows a sketch of this fish passage concept. 
 
Structural Fishway through the Dam 
 
The structural fishway through the dam would consist of a vertical slot fishway through the dam on the east 
side of the ICS. The vertical slot fishway would be functional over the wide range of headwater and tailwater 
levels that occur at the ICS.  
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Since this fishway concept involves the installation of structure through the east dyke, dam safety issues 
would need to be addressed. These considerations would be associated with the relative passage of flow 
through the dyke compared to the two bays of the ICS and the need to design the structures to eliminate the 
potential for a failure of the dyke. During extreme flood events flow would not pass through the fishway. A 
gate structure could be implemented into the upstream side of the fishway structure to close the fishway. 
 
This fishway would also require a bridge structure would be required to cross over the fishway since the 
fishway would be constructed through the dyke. 
 
Figure 13 shows a plan sketch of this fish passage concept. 
 
Pool and Riffle Fishway to an Elevated Pool 
 
This concept would consist of a pool and riffle fishway on the downstream side of the ICS passing through 
the dyke to an elevated pool. The elevated pool would be located on the upstream side of the ICS at an 
elevation that is above the maximum still water level upstream of the ICS of El. 237.1 m.  The elevated pool 
would be connected to an exit pool constructed in the bank of the river upstream of the ICS by means of a 
chute. This chute would pass the fish from the elevated pool to the upstream side of the fishway.  
 
Since the elevated pool would be above the water level, a pump system would be required to provide the 
required flow to the fishway. This system would pump water from the upstream side of the ICS to the 
elevated pool, where the water would both flow down the chute and down the pool and riffle fishway. 
 
Since this fishway concept involves an opening through the east dyke, dam safety issues would need to be 
addressed. During extreme flood events, flow would not pass through the fishway since the opening in the 
dyke would be at an elevation above the maximum water level upstream. However, if significant wind setup 
in the river caused the water level to rise above the maximum still water level at the inlet, water may begin to 
flow uncontrolled through the fishway. Therefore to eliminate the potential uncontrolled flow through the 
fishway, a gate structure could be implemented into the upstream side of the opening in the dyke to close 
the fishway. 
 
This fishway would also require a bridge structure would be required to cross over the fishway since the 
fishway would be constructed through the dyke. 
 
Figure 14 shows a plan sketch of this fish passage concept. 
 
Structural Fishway over Gate 
 
This concept would consist of a structural fishway on the downstream side of the ICS passing through the 
east bay over the gate. The top of the fishway would be situated at an elevation that is above the maximum 
still water level upstream of the ICS of El. 237.1 m.  The top of the fishway would be connected to an exit 
pool constructed in the bank of the river upstream of the ICS by means of a chute. This chute would pass 
the fish from the fishway to the upstream side of the ICS. The fishway would most likely contain either  denil 
or vertical slot baffles.  
 
Since the top of the fishway would be above the water level a pump system would be required to provide the 
required flow to the fishway. This system would pump water from the upstream side of the ICS to the 
elevated section of the fishway, where the water would both flow down the chute and down fishway. 
 
Figures 15 and 16 show sketches of the plan and section of this concept. 
 



 
P:\PROJECTS\2006\06-1100-01\ADMIN\DOCS\DRAFT REPORT\APPENDICIES\APPENDIX G - MEMO - CONCEPTS FOR FISH PASSAGE\MEMO_FISH_PASS_CONCEPTS_(OCT 25 
2006).DSB.DOC 

Fishway at the Floodway Outlet Structure 
 
The concept of a fishway at the Floodway Outlet Structure would provide fish passage to the Floodway 
channel and the reach of the Red River upstream of the ICS without having to implement a fish passage 
facility at the ICS or through the adjacent dyke system. Once through the fishway, the fish would have a fully 
navigable waterway to migrate back to the Red River upstream of the ICS, although they would have to 
swim through 45 km of Floodway channel to get to the Red River.  
 
The fishway at the Floodway Outlet structure could consist of either a pool and riffle or vertical slot fishway 
on the Northeast side of the structure. 
 
This fish passage concept would not improve the fish migration upstream of the ICS for any of the fish 
species located in the Red River within the City of Winnipeg, but could provide passage for those species 
that frequent the Red River at the Floodway Outlet downstream of the St. Andrews Lock and Dam. There is 
a level of uncertainty to whether the fish populations at the Floodway Outlet would migrate through the 
Floodway channel to the upstream reach of the Red or whether they would stay within the Floodway until the 
flood has passed. This concept could improve the fish populations utilizing the Floodway channel in the 
spring for spawning purposes, however, the Floodway Channel is not desirable fish habitat as it is designed 
as a flood control channel. 
 
As part of the Floodway Expansion Project, the Outlet Structure will be modified to allow for a larger design 
flow in the Floodway Channel. Since the construction of the expanded Outlet Structure will be carried out in 
the next few years, a fishway structure could be readily incorporated into the design. 
 
“Do Nothing” Option 
 
The “do nothing” option would consist of not implementing any type of fish passage at the ICS, and 
accepting that the ICS would remain as a blockage to fish passage under high flow conditions. To quantify 
the actual velocity distribution within the ICS for a given flow condition, more detailed hydraulic analyses 
should be carried out, such as 3-dimensional flow modelling and velocity measuring during a range of flow 
conditions.  
 
Although perimeter and bottom velocities will be below the average velocity, the structure will act as a 
barrier to a good percentage of the time with the gates down and all of the time with the gates up. 
 
 
3.0 FISHWAY ENTRANCE DESIGN / ATTRACTION FLOW  
 
Of the concepts identified five of them do not require the design of a fishway entrance.  
Four of these five concepts that include the Removable Baffle Box, Modified Gate Operation, Structure on 
the Downstream Side of the Gate, and the Roughness Features on the ICS Floor/Wall rely on the flow 
conditions at the downstream side of the structure to provide that attraction flow. For the concept of 
Downstream Riffles in the Red River, there is no requirement for attraction flow, since the fish will be able to 
pass over through the structure due to the increase in backwater effect from these riffles. For all of the other 
concepts, an effective fishway entrance design is required.  
 
Effective fishway design depends on the unique site conditions and target fish.  For fishways to be effective, 
they must not only enable fish to swim upstream with a minimal energy expenditure, but they must first 
attract fish to the entrances.  The fishway entrance must be designed to attract fish with minimal delay.  The 
attraction of a fishway depends on the location of its entrance in relation to the obstruction and on the 
hydraulic conditions in the vicinity of the entrance. In some instances, fishways may require multiple 
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entrances.   
 
Fish entrances should be located where fish will have good access.  To attract fish, the entrance cannot by 
located too far from the obstruction, too far from the main stream flow, or in a back eddy.  The entrance 
must not be masked by the turbulence, nor by the recirculating zones or static water.  The entrance should 
be situated low enough in the river to eliminate the risk of its being exposed.   
 
In most cases, the only active stimulus used to guide fish towards the entrance is the flow pattern at the 
obstruction.  Attraction flows, which are localized areas of high velocity water, serve to lure fish to fishway 
entrances. Increases in attraction flow generally result in improved efficiency.  The volume and source of the 
attraction flow is a key factor in moving fish into a fishway.  Attraction flows must be set in relation to river 
discharge during the migration period and the behaviour of the target species in relation to the flow pattern 
at the base of the obstruction.  Although it is difficult to provide precise attraction flow criteria, the volume of 
the attraction flow should be at least 1-2% of the tailrace discharge. The ICS gates have been historically 
been operated when the total river discharges range between 850 m3/s to 2265 m3/s, which translates into 
an attraction flow of 17 m3/s to 45 m3/s based this 1-2% criterion. The NOAA (National Oceanic and 
Atmospheric Administration) Fisheries fish passage criteria recommends fishway attraction flows be 
provided that are from 5 to 10% of the high design flows for the river in the vicinity of the entrance during 
migration season. For some instances, if the entrance were located close enough to the main flow in the 
watercourse, reduced attraction flows would be required. This range in attraction flow criterion supports that 
the attraction flow for fishway entrances is site specific to the flow conditions within each waterbody. 
 
An auxiliary water system can supply supplementary water at the lower end of a fishway for additional flow 
for attraction when the entrance is in competition with high river flows and help maintain desired flow 
characteristics in the fishway.  It is common practice to either pipe additional water from the forebay directly 
to the fishway entrance, or pump extra water from the tailrace as these flows would probably result in 
velocity barriers within the fishway.  In the case of the former, a small turbine could be installed on the 
siphon to recover most of the energy lost through external provision of the attraction flow.   
 
For the fish passage concepts that require a fishway entrance or fishway collection box, the most suitable 
location would be  adjacent to the downstream wingwall. By locating the fishway entrance adjacent to the 
wingwall, attraction flows would be mostly accomplished by  the flow that passes through the ICS. As 
discussed above, an auxiliary water system can supply supplementary  to the entrance, if required. Photo 1 
shows the downstream side of the ICS when the gates are operated with the location of the fishway 
entrance shown schematically. The flow paths (shown in blue lines) and likely fish movement paths (shown 
in orange dashed lines) are shown in Photos 1 and 2, and show different perspectives of the ICS when the 
gates are operated.  
 
Any fish migrating to the ICS would most likely swim along the shoreline towards the ICS and rest in the 
back eddies prior to attempting to swim through the structure towards the gates.  
Since the velocities in the ICS are greater than the swimming capabilities of the fish, they will not swim very 
far into the structure until they return to the back eddies to rest. Therefore by placing the fishway entrance 
adjacent to the wingwall, the fishway entrance will provide a location for the fish  to avoid the high velocities 
instead of returning to the back eddies downstream. Once inside the entrance, the fish will be attracted to 
the flow passing through the fishway and will be able to proceed upstream through the fishway. 
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Photo 1 – Downstream Side of Inlet Control Structure when Gates are Operating 

Location of Fishway 
Entrance
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Photo 2 – Inlet Control Structure when Gates are Operating 
  
 
4.0 COMPARISON MATRIX OF FISH PASSAGE CONCEPTS  
 
A summary matrix shown in Table 1 has been prepared to compare each of the concepts that have been 
identified and discussed in Section 2.0. The summary matrix includes the following information for each 
concept: 
 
 the ICS operation range in which each concept would be applicable (i.e. gate operation or no gate 

operation), 
 a comment on the opportunity for successful passage of fish, 
 a qualitative comment on the construction cost, 
 a qualitative comment on the operation and maintenance costs, 
 a comment on any specific operations that would be required for the fish passage concept, 
 a qualitative comment on the risk of the fish passage concept on the integrity of the flood control 

infrastructure, 
 a comment on the effects of the fish passage concept to the current operation of the ICS, and  
 a comment on any other relevant considerations. 

Location of  
Fishway 
Entrance 



































TABLE 1
Summary Matrix of Potential Fish Passage Concepts for the Inlet Control Structure

No Gate 
Operation

Gate          
Operation

Roughness Features on 
ICS Floor/Wall

Very positive as features would provide structure
and resting locations through ICS. Low Low None Low Would affect hydraulics of ICS Roughness features could be susceptible to debris 

and/or ice damage.

Removable Baffle Box
Baffle box would have to be long enough to have

the entrance and exit in areas where the 
velocities are not too high.

Low  to Moderate Moderate Box would have to be removed when 
gates operated and for winter conditions. Low Would affect hydraulics in gate down 

only Difficult to operate and design to function effectively.

Modified Gate Operation Velocities through bay without gate operation 
would likely be very high Very Low Very Low Varied operation of Inlet Control Structure

gates High Varied operation of gates

Velocities in ICS would be very high. Would likely need 
to complement with other concept (I.e. removable box / 
roughness features). Varied operation of gates could 
would initiate unbalance flow conditions on the gates.

Fishway Attached to Gate * Hydraulic conditions around structure could be 
too harsh for fish Moderate Low None Moderate Would affect hydraulics of Inlet 

Structure

Vulnerable to debris / ice load. High velocities around 
fishway. Structure attached to gate could impart stress 

on gate.

Riffles in Red River Relatively low. May improve fish passage at the 
ICS, but could have fish passage issues at riffles Moderate Low None Low

Could affect the hydraulics of the Inlet 
Structure by reducing flow 

conveyance by increase tailwater 
levels

Would increase water levels upstream of the ICS. 
Could have navigation impacts. Riffles would be 

susceptible to damage from ice / debris. If riffles are 
damaged they will not function correctly.

Trap and Transport * Could impart stress to fish. Low  to Moderate High
Transport of fish to upstream of structure 

and would have to provide some 
attraction flow within collection box.

Low None Potentially stressful to fish, high operation costs.

Fish Lift * Long chute could impart some stress to fish. Low to Moderate High
Operation of fish lift, pumping of water to 
chute, and would have to provide some 

attraction flow within collection box.
Low None High maintenance costs associated with lifting 

mechanism.

Multi-level Conduits
Could have trouble attracting fish under all range 
of flows and water levels - Conduits could be too 

long for fish
High Moderate Would have to close fishway gates in 

major flood conditions High

Would have to operate gates 
differently than currently to 

compensate for additional flow 
through fishway

Significant impacts on the integrity of the dam, long 
conduits and high cost

Structural Fishway 
through the Dam * Acceptable Very High Moderate Would have to close fishway gates in 

major flood conditions High

Would have to operate gates 
differently than currently to 

compensate for additional flow 
through fishway

Significant impacts on the integrity of the dam, large 
structure with a high cost

Pool and Riffle Fishway to 
an Elevated Pool *

Very positive - most natural concept. Easy to 
modify after constructed (I.e. fine tune rocks in 

riffles for optimum fish passage)
Moderate to High High

Would require pumping of water elevated 
pool each time fishway is operated. 

Would have to close fishway gates in 
major flood conditions.

Low None Most natural concept considered. Very flexible design 
for future "fine-tuning" modifications.

Structural Fishway over 
the Gate * Structural type fishway may not be attractive for 

all target species. High High Would require pumping of water elevated 
pool each time fishway is operated Low None Structural type fishway may not be attractive for all 

target species. Relatively high cost.

Fishway at the Floodway 
Outlet Structure

Will not achieve fish passage of those fish within 
rivers in City, but may provide passage for those 

fish downstream of Lockport. Fish may not 
migrate through Floodway Channel.

Moderate to High Low None Low None
May contravenes Floodway Channel design criterion of 

minimizing fish and fish habitat within the Floodway 
Channel.

"Do Nothing" No improvement over current conditions. Very Low Very Low None Very Low None No improvement over current conditions.

Note: Check marks with asterisks show that concept could be used without gate operation, but primarily for gate operation conditions.

ResolutionOther ConsiderationsFish Passage Concept
Operation & 
Maintenance      

Cost

Required Operation                 
of Fishway 

Risk to Integrity of 
Flood Control 
Infrastructure

Effects of Fishway to Operations of 
Inlet Control Structure

Operation Range Applicable
Opportunity for Successful                 

Fish Passage
Construction      

Cost




